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PEEFACE 

rpHE  world-wide  interest  which  has  been  created  during  the 
last  few  years  in  the  relation  which  the  house-fly  bears  to  the 
hygienic  state  of  the  individual  and  of  the  community  as  a 
product  of  insanitary  conditions  and  as  a  potential  and  not  in- 
frequent disseminator  of  certain  common  and  preventable  infec- 
tious diseases,  has  rendered  the  presentation  of  our  knowledge  of 
this  insect,  Its  habits  and  relation  to  disease  most  desirable  and 
indeed,  necessary  as  a  means  of  appreciating  its  significance  from 
the  entomological  and  medical  standpoint  and  as  a  basis  for 
further  investigation. 

In  1907.  1908  and  1909  res,iectively  the  three  parts  of  my 
monograph  on  the  House-fly  were  published  in  the  Quarterly 
Journal  of  MicroKopical  Science  under  the  title:  "The  Structure 
Development  and  Bionomics  of  the  House-fly.  Mmca  domestica 
Linn.  For  ..he  convenience  of  workers  the  Manchester  University 
Press  very  kindly  republished  in  volume  form  two  „ndred  copies 
of  the  letterpress  and  plates  of  the  monograpi:  ich  reprints 
Sir  Ray  Lankester,  the  Editor  of  the  Q.  J.  M.  S..  permitted  me 
to  obtain.  With  a  certain  amount  of  additional  matter  in  the 
form  of  appendices  this  limited  edition  was  issued  in  1910  under 
the  title .-  "The  House-fly,  Musca  domestica  Linn.  A  Study  of  the 
Structure,  Development,  Bionomics  and  Economy."  This  reprint 
is  now  exhausted. 

Although  the  present  volume  contains  the  whole  of  the 
original  matter  published  in  the  Qmrtedy  Journal  of  Micro- 
scojncal  Science,  the  extent  of  subsequent  work  by  inv;stigat„™ 


''"'  PREFACE 

in  all  the  continents  ha«  necessitated  the  preparation  of  a  com- 
pletely new  work.  I  have  naturally  endeavoured  to  review  what- 
ever work  relating  to  the  house-fly  h««  been  carried  on,  but  it  i, 
not  unhkcy,  in  fact,  with  the  multiplicity  of  scientific  journals 
most  probable  that  some  contributions  to  our  knowledge  may 
have  escaped  my  notice  and  any  advice  in  regarf  to  such  omis- 
sions would  be  most  cordially  appreciated. 

The  volume  is  not  intended  as  a  popular  treatise  on  the 
subject.  Such  a  function  is  filled  by  my  small  volume  "House- 
flies  an.1  how  they  Spread  Disease  "  in  the  Cambridge  Manuals  of 
Science  and  Literature,  and  by  Dr  L.  0.  Howards  book  "The 
House-fly :  Disease  Carrier."  It  is  primarily  intended  for  the  use 
of  entomologists,  medical  men,  health  oflScera  and  others  similarly 
engaged  or  interested  in  the  subject,  and  it  is  hoped  that  it  will 
be  of  value  to  students. 

I  wish  to  acknowledge  my  indebtedness  to  Mr  H.  T  GUasow 
who  took  the  photographs  i'lustrated  in  figs.  3.3,  72,  74  and  to 
Mr  C.  T.  Brues,  of  Harvard  University,  for  the  use  of  the  original 
photograph,  fig.  .36.  Mr  F.  W.  L.  Sladen  also  has  kindly  assisted 
me  by  taking  the  photographs,  figs.  32,  35,  70,  97.  Except  where 
It  is  otherwise  stated,  the  rest  of  the  illustrations  were  drawn 
by  .lie. 

C.  GORDON  HEWITT. 


Ottawa,  Canada, 
Jul)/,  1913. 
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PAET  I 

THE  STRUCTURE  AND   HABITS  OF 
THE  HOUSE-FL\ 


CHAPTER   I 

INTHODrcTIOX 

Amono  the  niim.Tmis  and  reniarkablo  advances  which  haw 
b.-en  ,na.ie  in  the  .val.n  „f  medical  science  within  the  la»t  tw,, 
decad.^,  n,mo  has  created  .so  wide  a  public  infrest,  none  has 
been  h-,iUKht  with  conse.|nenc,.s  affecting  «„  large  and  wide- 
spread a  proportion  of  the  worlds  inhabitants,  an,l  destined  to 
aBect  the  future  welfare  and  progress  of  mankind  to  so  great 
«  degree  as  the  g,-a,l„al  discovery  of  the  rSle  which  insects 
play  m  the  -hssemination  of  disease.  Malaria,  which  has  had 
a  far-reachmg  effect  on  the  history  of  the  world  and  on  the 
.mm,gTat.on  of  the  white  man  into  new  regions  of  the  earth 
and  which  m  India  alone  imposes  a  tax  of  over  a  million  human 
hves  each  year,  has  been  shown  to  be  conveye,!  by  the  mosquito. 
Plagi,e,  which  in  all  ages  has  created  terrific  devastation,  sweeping 
away  millions  of  lives,  transfonning  populous  cities  into  deserted 
wiklernes,ses,  was  found  to  be  transmitted  by  the  flea.  The 
Wack  sickness^^'  or  Kala  Azar,  which  has  decimate,!  districts 
and  depopulated  areas  in  the  tropical  countries  where  it  occurs 

,r        H  aT    u°    ■"  '^'"'  '"  "  P""^'""  "'Sanism  which  can  be 

mnsmitted  by  the  bed-bug.     Sleeping  sickness,  which  number. 

s  victims   by  the   hundred  thou-sand,  depends  tor  its  distribu- 

on  upon  the  tse-t-se  fly.     Lice  have  been  shown  to  tmnsmit  the 

«.usative  organism  of  typhus  fever.     The  common  stable-fly  ha^ 

Ken  shown  to  be  a  possible  disseminator  of  infantile  pamlysis 
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or  poliomyelitis     One  by  one   man's  p«™.sitie  attendants  and 

death.     Of  all  revelations  perhaps  none  affects  so  great  a  number 
of  people  m  all  eountries,  both  by  its  significance  and  effect7L 

oLTtrth  'd*^  ^----^-rpower  of  thetmL: 
nouse-fly  From  the  dark  ages  man  has  been  accustomed  to 
regard  hjs  ub:qu.t„us  companion  in  his  wanderings  over  the  fac 

It   the   :l.ymes  of  our  childhood  are  to  be  believed    with  so, 
measure  of  affection.     The  discoveiy.  therel.re,  If  the      ct  Tat 
the  commonest  and  mo.st  widely  distributed  insect  and  the  anima 
most  closely  associated  with   man  was  not  only  begotten  an^ 

2T  T'  '•"  ""'  ■•''^"  "  P°'™'  -"  -—  cancer  rf 

pathogenic  and  putrefactive  organisms,  excited  an  interest  in  the 
mmd  of  a  larger  number,  of  people  than  many  other  discoveries 
of  a  hk    character  m  which  both  the  insect  and  the  disease  with 

and  aft'elT  "''  T"  ""''"  "^'^'^'^  '"  their  distribution 

and  aftected  a  correspondingly  small  number  of  people 

So    obsessed    we«,    people's    minds    with    the    idea   that   the 

■t  w,:;  n  r  1 ";  ''"^f"'''"^ '"  "■"''"" '-  ■"-•''  ->f-  ^h' 

It  was  not  only  deemed   unworthy  of  serious  study,  but  when 

being  revealed,  the  results  of  such  studies  were  reganied  with 
considerable  suiprise  and  scepticism.  The  story  of  the  gmdual 
revelation  of  the  disease-carrying  powen,  of  the  house^y  is 
recorded  in  subsequent  chapters.  The  histoiy  of  the  develop- 
ment of  our  knowledge  of  the  insect  itself;  its  stnicture,  habit 
and  hfe-history  is  noteworthy  on  account  of  our  long  continud 
ignonmce  concerning  these  facts. 

NaturaRsts  of  all  ages  have  brieHy  referred  to  the  habits  and 
char^tenstics  of  the  house-fly.  Both  R&umur  (1738)  and  De  Geer 
(1758-78)  included  short  accounts  of  this  insect  in  their  ch^sical 
memoii..  but  they  contributed  little  to  our  knowledge  of  the 
structure  or  development  of  the  fly. 

The  ,„o.,t  comprehensive  of  the  earlier  accounts  of  the  house- 
Hy  was  written  by  Gleichen  (1790).      This  „,o.st  interesting  book 

'  This  is  the  dale  of  the  copy  o(  this  rare  booli  which  is  in  my  posseMion  ■  ther. 
may  <  nve  been,  however,  an  earlier  edition  in  1766.  PO«»«.,on ,  there 
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of  th,Vty-two  quarto  ,«ge,  is   illustmted   hy  »;„„.  very  striking 
C-g.  2).     The  anth„r  g.ves  a  .,„n.ewhat  ,letaile.l  ae,;,,.,,,  of  the 


■I-r*!^ 


'  ^Xi:^;;!";^;;:'^"-*''^'"  ""■.'■  "'- 


1—2 


*  INTRODUCTION 

habitB  .ind  clevel.ipment  of  the  Hy.  It  was  natural  that  he 
should  make  some  errors,  such  aa  mistaking  the  brown  testes 
for  the  kidneys,  in  attempting  to  describe  the  anatomy  at  so 
early  a  date  of  our  knowledge  of  morphology  and  methfKis  of 
study.  Notwithstimding  these  limitations,  Oleichen's  was  still 
the  most  comprehensive  and  detailed  account  of  the  house-fly 
when  I  commenced  to  study  the  insect. 

A  short  popular  account  of  the  house-fly  was  published,  con- 
jointly with  that  of  the  earth-worm,  by  Samuelson  and  Hicks 
m  1860,  in  a  biK>k  entitled  Humble  Creatures.  Though  inte- 
resting, the  account  is  very  superficial  anfl  contains  much  that 
is  inaccurate. 

In  1874  Packard  wrote  a  fairly  complete  ar— .unt  of  the  de- 
velopmental history  of  the  hou.«e-fly  as  observed  oi  Mas.sachu8etts, 
U.S.A.,  and  in  1880  Taschenberg  gave  a  good  popidar  account 
of  the  insect  and  its  breeding  habits  in  his  PraHuche  Imekten- 
kunde. 

Howard  gave  a  short  account  of  the  life-history  of  the  house- 
fly in  a  bulletin  on  household  insects,  published  in  1896  by  the 
United  States  Department  of  Agriculture,  and  he  gave  a  further 
account  in  1900,  in  a  valuable  paper  on  the  in.sect  fiiuna  of 
human  excrement.  Newstead,  in  1907,  gave  a  preliminary 
report  of  his  study  of  the  development  and  breeding-places  of 
the  house-fly  in  the  city  of  Liverpool,  and  a  second  report  was 
published  in  1909. 

Space  forbids  the  enumeration  of  the  countless  papers  and 
accounts  of  the  house-fly  which  have  been  written  during  the 
past  two  or  three  years.  Some  of  these  contain  original  infor- 
mation, the  majority  of  them  do  not.  Of  recent  publications, 
Howard's  p.jpular  book  on  the  house-fly  (1911)  should  be  men- 
tioned, not  only  as  being  a  complete  account  of  the  insect  and 
its  disease-canying  powers,  but  because  it  contains  many  original 
obse-vations'.  Special  reference  should  be  made  to  the  valuable 
seriet  of  papers  published  in  connection  with  an  inquiry  carried  out 
by  the  Local  Government  Board  on  flies  as  carriers  of  infection. 

'  Since  the  above  lines  were  written  Graham-Smith  has  given  an  eiccllent 
account  ol  the  disease-carrfing  powers  of  the  non-blood-suoking  flies  in  his  llif, 
and  DiHetue  (1913);   see  Bibliography. 
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Thi.  investigation  h»  h.:n  the  „,„st  c.,„,pl,.te  organised  ,t„,lv 
ot   the   flj-  a.s   a   vector  ol    micro-organisms   that    has  yet   been 

r,r^"nrV,"h  «'  ™''"""'™'  P"«'-  '  ""'''■  '"'"'"  •■•■"  •-  "f  th 
Iftrng'*  '  ■''■  "^"^"  "'"'■  '"'^'-:  "PI""""'  "P  '"  '"'"^  »'""• 
M.V  own  studies  wer.  begun  in  1905,  at  which  tin.e  no  com- 
plete  study  o,  the  anato.ny  or  .levelopmen.  of  the  house-fly  ha.l 
l.-t^  .nade.  and  the  gradual  realis.ation  of  ,he  economic  status 
"t  the  fly  made  such  a  study  not  only  desirable  but  necessary  in 

~  "7  T'TTk '*^'"'"""'  ""  "'"  ^''■'•■'•*-     A  P-limLv 
«count    o.    the    l.fe-h.stoiy    was    published    in    1906'       In    th'e 

Wlowu,g  year  (1907)  a  detailed  account  of  the  ana.uny  of  th 
%  was  pubhshed,  th.s  being  the  first  part  of  a  u.ono^^aph  , 
U.e  structure,  development  ami  biono„>ics  of  Mu,ca  LLic, 
The  second  part  of  th.s  monograph  w.us  published  in  1908  "l 
ff.ve  an  account  of  the  breeding-hah.ts,  developn.ent  and  b" 
nonncs  of  the  larva.  The  concluding  ,«,rt  ,/the  work  was 
pubhshed  m  1909,  and  in  it  were  described  the  bionoJcsof": 
house-fly  .tsalUes  a„,l  ,«r,«ites  an.l  its  relation  to  human  disease 
since  fh"!."?  '".>,■  ."'™''"«"'i""»  '^hich  I  have  continued' 
T  ^  .  u"'  ^"'  '"^■"■^"S"'"'"  have  a<lded  to  our  know- 
kdgc  of   the  b,onom,cs  of  the    house-fly  with    the    result    that 

P  ete""we  T      T"'"  f  ""^  '""""  "'"'""  ^^  -■''  "'  ^e  con,-' 
plete.  we  have  decrease.d  our  previous  unfbrtunate  ignorance  of 
the  commonest  insect  to  a  nmrke.l  deg,-ee  au.l   have  furnished 
a  sohd  bas,s  ,„r  further  studies  along  particular  l.n.s,  and"  nfo 
u^tiou^^necessary  to  a  consideration  of  the  means  „f  ;„ntrol  and 

Description  of  MirscA  dosiestwa. 
Musca  do,maica  was  first  described  in  1758  by  Linnaeus  in 
his  S,jstema  Naturae:  his  description  is  ,is  follows- 

Larvae  m  .„m„equin,«,.     P„p.^p,lr«lle|eeubantes"  ™  A™™<=a*^ 

/,.iZ. '"""  ""^' ''"''''"' ''  ^^"""^  ■"  ^'«  «-'•" 

'  A  Further  Report.  No.  6,  has  appeared  since  the  above  was  written. 
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Mu«e«l       „h,eh   ,s  characu.ns...|   l.y  h„vi,„,  th.   t..,.,„i„al  j,.int 
t  the  an  enna,  the  ansta,  always  c,„nbe.l  ,„•  p|,„„e,|,  an.l  l.v  the 
a.senc.  „,  large  bristles  ,„.  n.acn.haetae  „n  [he  aM„„u.„  '  Th 

M„.„la..  ,„,ether  with  the  A„th„„,yi, .„.,   Tachini.lae,  c!,,- 

t.t,  te  the  g,.,,,,,,  .)/,.,,,rf„,  „ay,neratae.  which  are  chamuti.ri^.,! 
I'V    the  p,«es.s,on  „f  s.,„a,„ae,  s,„all   lolx^s  at  the  l«s,.s  „C  th.- 
-ngs  wh,eh  cover  th..   halte...     I„  the  acalvptra.e  „„  ...i        h 
».|"«.n«e  are  absent  „r  nuli„,enta,v.     Th...  tw„  «,„„,«  11,  „! 

"t   th.    D,pt«.a.      Ihe  Cydo,-rhapha    hav.  c«uct.,te  p„p.u.    the 

th     fl  ,  "  "":/'™'P'"fe'^'hr„„gh  a  ci..c„lar  orifice  fonue-l  by 

^e  flj  p„sh,ng  ,,«  the  ™d  „f  the  p„p.  by  n.eans  of  an  inHate. 
.sac-1  ke  ..rgan-the  pt.hnun,  or  frontal  »ac_which  is  after- 
war,ls  w,th,lrawn   ,nto  the   hea.l.  its  presence  being  n-arke?    bv 

ih  W  "TT"  "I"""'S-'h>'  '"""I"-  The  other  s„b-o„h., 
the  Orthorrhuplia.  have  obtecte,!  pup-ie. 

has'^e™"""'  """'''^•'^^l-^ifi''  .lescription  of  Musca  damestica 
has  been  g,ven  by  Schmer  (1864),  of  which  the  following  is 
a  fix>f  translation  :  ° 

th™  it^r  ,  "'Z  "■"u"''  ™"™  '■"  *■"'"'•  «"  l"-'«'  '"•hind 
egion  of  the  thorax  dusty  g,vy  in  colonr,  with  fonr  „,„allv 
Woad  l.,ng,tu.l,nal  stripes.  Sentelh.n,  gr.,,  with  black  sS 
ihe  hght  regmns  of  the  al^ionn-n  yellowish,  transpan-nt  the 
.  darkest  p.rts  at  Last  at  the  base  of  the  vent..l  s*  HI  ,w 
The  hust  segment  an,l  a  .lorsal  line  blackish  brown.  Seen  frotn 
behmd  ami  aga„,st  the  light  the  whole  ab,lon,en  shinnnerTng 
■enow  and  only  on  each  si.l..  of  the  ,lo,.al  line  on  each  s..g3 

b nt  P  ti  r,'  Tr-  *';■'"""  ^'"•--'-'y  black.  Anu-nnaJ 
brown.  Palp,  black.  Legs  blackish  brown.  Wings  tinge,l  with 
He  g,.ey,  w.th  ^llowish  base.  The  fen.ale  has  a\roa.t  v  J  w 
back,  oft.n  redd,shly  shinnnering  frontal  stripe,  which  is  nrt 
broivder  at  the  anterior  end  than  the  bases  of  the  antennae   b" 


INTRODUCTION  y 

lK,.:..me,  ho  vory  much  l„.„„ler  ub„v,.  fh,.t  ,h..  light  ,l„Htin..s. 
nl  the.  .Hies  ,„  ..n,i,,.l.v  ..l.lit.mt.,1.  The  aMomen  Kiadunllv 
hecommg  darker.  The  shi„„„..rinK  «r-«s  „„  th..  senamte  se«. 
n.ents  generally  brownish.  ^11  the  nther  parts  are  the  sa,„e  a, 
III  the  male. 

The  „mtnn.  in.sects  ,„eas„re  lro>n  6  t„  7  ■„.„.  in  length  an.l 
tr,..n  13  ti.  15  mm.  acros,s  the  wings.  Freqnentlv  dwarfed  sp,.ci- 
rnens  may  be  tbimd,  nonnal  in  every  resp..ct  but  size.  This  is  ,|ue 
m  my  breeflmg  e.xperiment»  demonstrated,  to  adverse  con.liiions 
durtng  the  larval  stage;  starvation  espc.ciallv  t,.nds  to  produce 
undersized  individuals. 


Distribution  or  Mivr.i  iioMJinTj<.:i. 
Mtisca  doniestka  is  undoubte.lly  the  most  wi.lelv  distrib.ite.1 
msect  1^,  be  foun.l ;  the  animal  most  commonlv  as,s,K;iate,l  with 
man,  whom  ,t  apjx.ars  to  have  followed  over  "the  enti.-e  globe 
It  extends  from  the  sub-polar  regions,  where  Linnaeus  refers  to 
.ts  occurrence  in  Lipland  and  Finmark  as  -rara  avis  in  Uppoma 
at  in  Fmrnai-chia  Xorwegiac.  integras  domes  fere  replet  "  to  th.. 
tropics,  where  it  occurs  in  enormous  numbers.  Refen-ing  to  its 
abundance  in  a  house  near  Para  in  equatorial  Brazil,  Austen 
(1904)  say,s:  "At  the  mid-day  meal  they  swarmed  on  th..  table 
in  almost  inconceivable  numbers,"  an.l  other  travelleix  in  dif- 
feivnt  tropicU  countries  have  related  .similar  experiences  to  me 
h,m  they  swarm  round  each  piece  ,>f  food  as  it  is  canied  t.^ 
the  mouth. 

In  the  civilise.1  and  populated  regions  of  the  world  it  occurs 
commonly,  an.l  the  British  Museum  (Natural  Hist.,rv)  ollection 
«nd  my  own  contain  specimens  from  the  following  loc-.lities 
c..rt8.n  of  the  localities  have,  in  additi.,n,  been  obtained  from 
lists  of  msect  tiiunas): 

^m.  Aden;  North- West  Provinces  (Imlia);  Calcutta: 
»Mras;  Bombay  (,t  probably  occu«  over  the  whole  of  India)- 
Ceylon;  Central  China;  Hong-Kong;  Shanghai;  Stmits  Settle- 
ments;  Japan. 

U^andf^  f?  ^'"^'  ^"'''  ^'^'P''  Somaliland;  Nyass^vland ; 
Uganda;  Bntish   E.  Africa;  Rhodesia;  Transvaal;  Natal;  Cap.. 


'*  IXTHODUOTION 

Colony;  Mndagaroir;  Northern  und  Southern  Nigerm;  St  Helcnii- 
Madeira,  ' 

Amm-ica.  Di»tributwl  over  Xorth  America;  Brazil;  Monte 
Video  (Uruguay);  Arjfentine;  ValparaiHo;  West  Indies.  ' 

Aiistndia  and  New  Zt'alanil. 

Eiir.,p,.  and  the  isles  of  the  Mi-diterranean :  it  is  especiallv 
conuiion  in  Cyprus. 

Not  only  is  the  world-wide  distribution  of  the  house-fly  of 
interest  but  its  local  abunilance,  which  will  Ih-  considered  in 
a  8ubsef|uent  chapter  (p.  65),  is  noteworthy. 
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CHAPTER   11 

THE  EXTERXAI.  .STRl'CTrRE  (IF  UCTSCA   DOMKSTWA 

Previous  to  this  »tudy  thf  only  cinplute  accniint  which  ha» 
Ixfn  published  on  Mtiscid  anntomy  was  Lowm's  coniprc'hcnsio- 
nionogriiph  (18!)5)  on  tho  blow-Hy,  CulUphora  erythrocephala. 
which  is  an  ihilwr.ition  of  his  smaller  and  earlier  memoir 
(1870).  Not  only  an-  many  of  Lowne's  conclusions  untenable, 
but  th.'  value  of  his  work  as  a  oniparative  study  would  increase 
with  confirmation. 


The  Head  Capsule. 
The  head  capsule  of  M.  domeatica  presents  great  modifica- 
tions when  compared  with  the  typical  insect  head.  Considerable 
difficulty  is  exp(>rienced  in  explaining  its  structure  in  the  morpho- 
li>gical  terms  employed  in  the  simpler  ordera  of  insects.  Lowne 
did  not  lessen  the  difficulty  in  describing  the  head  of  the  blow-fly 
by  the  invention  of  ntw  terms  of  little  morphological  value.  The 
head  of  the  fly  is  strongly  convex  in  front,  the  posterior  surfiice 
being  almost  flat  and  slightly  conical.  For  the  sake  of  clearness 
the  composition  of  the  head  capsnle  will  be  described  from  behind 
forwards.  The  occipital  foramen  occupies  a  median  slightly  ventral 
position  on  the  posterior  surface.  It  is  surrounded  by  the  occipital 
ring,  the  inner  margin  of  which  projects  into  the  cavity  of  thi- 
head.  From  the  sides  of  the  inner  margin  of  the  occipital  ring 
two  short  chitinons  bai-s  bend  inwards  and  approach  each  other 
internally,  forming  a  support— the  jugum— for  the  tentorial  mem- 
brane. On  each  side  of  the  wcipiial  ring  b<'low  the  jugum  a 
small  cavity  occurs,  into  which  a  corresponding  process  from  the 
prothorax  fits,  forming  a  support  for  the  head. 
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THE  EXTKRVAL  HTBUCTtTRE  or  .irr*.,    ,H.MI!ST/r., 


Th..  occ.,p,t,.l   rinK   in  s„rr,.,.„d„i   by   ,h,.  four  plat-s    whirh 
«h,ch   ,h..   pn,N,«c,H   .l..p..nd.,  a   ,„..dia„    1„.,.|    ,,,a,'.,   ,h,.        ,„ 

lK.m,.,,l    la.,.n.lly   by   th,.   «,.,„„.   .L.wn-H    ,«nL.phalaT  a 
.l".^.lly  by  th,.  ..p,crann„„.     Th.-..  ,«„.,.,  hav,-  b....„  I|ivi,|,.d   by 

»V«t,.„,at,st.s  ,„t„  ..,  many  n.jfi„„„  that  a  » ,.what  .l..,ail..d  ,1.' 

scnpt.,..,  will  b..  n..e,.«,sa,y  t .k,.  th..i,.  lK,„„dari..»  .-Kar 

,h,.!hi*'"";";h    "'■  ""■  ';"'^"'  """'""""'  '•>■'■"  "''''•''  -'"l-y  aln>„»t 
>h.;  «h,.l,.  „f  th,.  ant..r...|at,r«l  ....Ki..,,  of  ,1,,.  h,.ad.     ()„  ,h..  „„. 

..™r  flatt..,,..d  surfac,.  ,.f  th-  h,.ad  th.  «,.,.„.  a,,.  Hat,  an,I  ...xt Ind 

n.m      ..  >:ul„.,„,.ntal  plat,.  ,..  th..  ,■,„■.„ ,|at..,  th,.  .,„t„r..s  „ 

th..  Iatt,.r  1».,„K  v,.r.,cal.     ()„  th,.  .I„r^.,|  sid .ch  s..„ds  a  „am,w 

St np  K.tw..,.n  th,.  ,„n,.r  ma,-Ki„  „f  ,h..  ,.y..  a„d  th..  ..picani,.,,. ; 

h,s  „tnp  »„no,>nd»   th.  ..y..  and  in«.ts  th..  ,w,t,al  V-ti.n.  ,.f 

th..  g-na;   ,t   ,.s  „,  a  silver  to  K.,|d..„   ■„..tallic   lustr..      On   th. 

vntral    s.dc    b.  ow    th.    .y..    ..ach    ..na    b,.„„d.    th..    p,.,.l.,sci 

a,..rtn,,.   laCmlly ;   a  n,„nb..r  „f  st.a.t   bn»tl..s   ari.,,.    f'„„.    this 

.najX.n  and  als,.  tVo.n   its   ant.n.-latnal    n.^ion,   which   is  Zn 

sp.k.n   „t   as   th..   ..j..„|/.     In    th.   ant..ri..r   ,...,a„n,   wh.r.-   ,h" 

..nt  „ds.s  b.«„„g  strong  s..ta.;  th..s..  ar.  nst.ally  known 
.-  the  tacaha,  R-rLs,.  ,1909)  regards  the  facialia  a-s  r.™- 
sentmg  a  porfon  ..f  the  fourth  (mandibular)  s..gment.  They 
are  certamly  d.st.nct  fnnn  ,h..  «..nae,  as  „,ay  b.  sc.en  in  the 
head  of  th,.  newly  formed  nymph  ,Hg.  43).  Strictly  s,x.ak  n« 
in  LT  ' '"'  l*'-'""'""".f-i"-l*Ti«ton>iul  ileriU-s 

The  .|picrani,„n  (epicephalon  „f  Lowne)  „n  th.  posterior  H,n- 
,>«  the  h.a,l  ,s  Hat  On  th..  ant..ri,a.  surihce  it  is  conve.v, 
....  I  d,v,de<l  ,nto  a  number  of  regions.  On  the  top  of  th.  hea, 
betwcn  the  eyes  ,t  .s  called  the  vertex.  This  cntiins  the  thr^^  ■ 
oeelh  s,t,mted  on  a  slightly  rai.sed  .cellar  triangle,  which  is  sur- 
.■oun.le,  by  a  s.cond  triangU-.  the  v.rtical  triangle.  The  n.edian 
.egjon  ,„  front  of  and  below  the  vertex  is  the  frons.  „  h" 
....ddl.  o.  th,s  there  is  a  black  frontal  stripe.     The  frons  appea,^ 


FACE  AND   ANTENNAE 


II 


"Illy  mirniwv  s,.i,„„t,.,|  i„.  .u    ,■      .  ,       .  ""'    " .V"  '"'■ 

'h''  "-...  ..,■  i,  i,  „„„  i„  ,h..  „ ,h,.  J      ,.^     "[""''Y^ 

r^- ' "'^^..'-r.:  z:';:':jirrrr 

^..^r;j::rs:,i'' - ■■■-:'.:;;.  i 

^'"'  ""I'"'""  ^"v  sil„„t,,l  l„.|„w  ih,.  |„„,.,-  ,.,k,..     f,|      . 

'-■- !u„i',h,.  zt  tI^i'  r^"'""i """""■''  '-'«•'■'■■'  ""■ 

»-n«,r>.  »,.tj„. I  ,,„„,j,,,  ,„    ,   "       -'P"""-     "  '"  "•v'-l  «ith 

I  believ..,.     K,„,  ,    I  1  ,       T"^"'^'  '■'""•' '""••■'". 

upper  a„,l    ,„„,.,  i     ^  Z'^^  :  !  • '^  f^; '7'''' ^'',. 

the  lesstT  h„„s    H      r  "   '  ""'''  ""'>'•  ""'I  ">.■  arista  „t 

l.nstl,.s,  ,n  r,.ality  „   i.  ,„i„„t..|v  pi|„«.         ■W-uuK   ,l,.v„,.l  „, 
The  rest  of  the  tlicial  region' is  e.,in,>«,,|  „,■  ,h      i 

l>i'le«  its  tn,e  „„„,  h  ,    J      Th     f     '"""r  '"•"•  '""  "■"•  "•'"■'•h 
•n-  the  fla«<.ila    .Th    :^;„  J.^'  '-; '-l-P--i.  a„,l  is  e„vere.l 

'■'lK-«ftht,aeea,„l  ^CtZ'^^Tr  ''"  ""'•^"-  ""'  '^"'■'•'" 

"■"■"in^  the  l,.„„ie .,.ks  the  i^^i S.™'""';-'"^'""""^ 

••I'istomi,,,,,  is  a  „a,r„w  strip  Ih-i"     the  C  K    •'^':.l'"'""""-     Th" 
"Ik-  "f  the  pr„b,.eis  a,..rtu  e  "'  '""""'"'*''  '''"  -"•■'■'"'• 
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TIIK   EXTiiRNAL  HTBUtTUBE  OK   MlUfA    liOllKKTlrA 


The  Skeleton  or  the  PKoiioiw'iit. 

All  a<>('niitii  nf  tht'  prolxMwiH  of  Af.  domeatiea  wah  piibliflhcd 
liy  MiicliiHkii'  in  IrtHd.  The  iHnlMmciH  nf  the  blow-fly,  which  ix 
vi'iy  "imilar  in  ninny  ri'»|icft«  tci  thiit  nf  thi'  himw-fly,  hait  hfcn 
ilfHcriUil  hy  Anthnny  (1M74),  Knii'|)clin  (IHHO)  iind  Lnwnc  («.c.». 
Thr  rt-HiiltH  lit'  thfsc  titithiii-H  dirt'rr  in  many  cIctailM.  My  Htndy 
"f  thf  |iiiili<iM.'is  (pf  M.  diimeatica  ciinfirnis  Knit'pt'lin'n  rcHiilts, 
anil  iiH  Liiwni''s  in  thf  "nly  umiiiilcU'  account  ot  thi'  iniiwicl 
hciul,  a  full  (li'Ncri|itiiin  of  the  anatomy.  Uith  inti'mal  anil 
I'Xti'mal,  of  thi'  hi'iul  of  M.  domeatiai  will  Ih'  jfivi'n.  Rcci'ntly 
tJnihiuii-.Sniith  (1912)  has  niiMlc  a  very  cari'fiil  study  of  thi' 
anatomy  and  function  of  the  ural  «iicki'r»  of  thi'  lilow-Hy,  C'alli- 
/ihura  eri/throcephiilii.  His  olwiTvationM  ari'  confiniiatory  of  my 
own  study  of  thi-  oral  lobes  of  M.  domeatiea  which  I  niaiii'  \v 
19()6,  but  which  was  not  described  in  gri'at  detail  in  the  fimt 
part  of  iiiy  monograph  (1907). 

Lowne  reganis  the  greater  par*  of  the  proboscis  as  being 
develo|xi)  from  the  HrHt  miixillae  and  not  from  the  labium  or 
fused  s«-cond  pair  of  maxillae.  The  latter  is  the  usually  accepte<l 
view,  and  one  which  I  support  on  morphulogical  grounds.  On 
account  of  the  very  exceptional  nature  of  his  conclusion,  he  refuted 
the  commonly  accepted  tenns  of  the  various  parts  of  the  proboscis 
and  invented  new  ones,  an  unfortunate  habit  to  which  he  was 
addicted.  For  the  sake  of  descriptive  clearness  it  will  be  neces- 
sary t*)  refrain  from  constant  reference  to  Li>wne's  terms  or  any 
discussion  as  to  their  merits. 

The  proboscis  consists  of  two  chief  parts;  a  proximal  mem- 
branous conical  portion,  the  rostrum,  and  a  distal  portion  which 
bears  the  oral  lobes  and  which  has  been  termed  the  hauBtelhim. 
The  term  haustellum  has  also  been  used  by  some  authors  to 
designate   the   distal    portion   of    the   proboscis   minus   the   oral 

lob»'S, 

The  Rostrum  (fig.  3).  This  proximal  membranous  portion  of 
the  proboscis  is  attivched  to  the  edges  of  the  proboscis  aperture, 
that  is  to  the  epistomium,  genae  and  the  gulo-mental  plate.  It 
has  the  shape  of  a  truncated  cone  and  bears  on  the  anterior  side 
a  pivir  of  palps  which  bear  sensory  setae  of  two  sizes. 


9t^ 


Fio.  3.  Interior  of  the  head  of  .V.  tl'iiiienticd .  In  thiw  tiKurt'  the  left  si.le  of  the 
head  capsule  and  of  the  probosioirt  have  been  removed  and  the  compound  eye 
of  the  name  side,  leaving  the  optic  ^anghon  (perioptioon).  All  the  tracheal 
titnictun's  have  been  omittet). 

a.v.  Anterior  comu  of  fulerum.  n.f.h.  Accessory  flexor  nf  cles  of  haustelluin. 
ap.  Apodenie  of  labnim.  nn.n.  Antenna!  nerve.  ''  >  CephaHc  fsinKJion. 
coti.l.  Dilator  muscles  of  lahiuni-hypopharynx.  iL^  ■  Dilator  muscles  of 
pharynx.  il.".  Diacal  aclerite.  Kj.h.  Extensor  muscle  of  hai]8t*lhmi. 
F.  Fulcrum.  /.  Fiirca.  f.r.  Fat  cells.  I'.h.  Flexor  muscle  of  haustelluin. 
/./.  Flexor  muscle  of  labruni-epipharjnx.  u.p.  Oustator)-  papillae  of  oral  Inbes. 
A.  Hyoid  !*«lerite  of  pharynx.  Ih.ii.  Ijabial  nerve.  Ih.xl.  Labial  salivary  k'liintl. 
l.hp.  Iiabium-hypopnarynx.  l.i-p.  Labrum-epipharynx.  mxp.  Maxillaiy  palp. 
•>€».  OesophaBUa.  tn-.ti.  Ocellar  nerve,  ph.ti.  Pharynweal  nerve,  p.r.  posterior 
eomu  of  fulcrum.  P.O.  Periopticon.  pa.  P^eudotrachea.  It.  Ptilinum. 
r,d.x.  Retmctor  muscles  of  discal  sclerites.  r.f.  Retractor  \  iscle  of  fulcrum, 
r /'u.    HfitTfwtnr  mnsclc   of   fnrcn.  '  h.    Retmctor  mil.''     ot   hauKt*llum. 

r.r.  Retmctor  muscle  of  rostrum.  ■..».  SnlxiesophftReal  K'lnRl-'*'"-  "'</'/.  Com- 
mon du<-t  of  the  lingual  salivary  glands,  i.r.  Valve  of  common  salivary  duct. 
ji.m.  MuKcle  controlling  valve  of  salivary  duct.    th.  Theca. 
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THE  EXTEHN.r.  STnv,^„H^  OP  Mr..;,    .,,„,.,,,„. 


Tin-   Himstellum.     Thix   (hnn^  tl,      r  .  i 

cu,„,„.iso.s  th..  oml  1,,,,..,  „,,||  ,;,"""•,   ^'»  '''^t^'l  IX'rtmn,  which 
torior  .si.l,.  „(■  the.  n,„xi,n.;i        I  "    '"'  ""I^'-^'t-lv-     The  „«- 

tl"'  thcc-t  is  i„cis,.,l  l.v  ,  s  ,  ""•     ""■  ''"«•■■  ""Sl"  "f 

ant,.H,„.,.,„|„,>    'h    w^^     •7"'""^   '"'   '««■  ^'Z).  ft-»   th,. 
ti-  -<tn,et,„.,..   th,.    I„,tt    ;  Jl  '""■'■■•'■'"'  "•■  ""■  *h-ca  ri.los  „„ 

■■"  ""■  -■-.  I.  s ,:;;:'  r™"""""^  '"■  ''-■ "'™'  ■■'- 

■•'•I'".-.   k,.,.p  ,h,.  anus  „.     h     .  ■;   '"■""""'"•   '■"    ■•'   ■■*'"t^'  "f 

--It  of  L  1,.,™^    ,:,;':;, T  ■^'"-'>-  •'P.--.nated     Th.. 

'— h.t,„.,.  „f  tiu.  p,.,'":,"'.!; '  '"■  "■'■"  '""■'■ '"  -^t-ivin,  th. 

-piphaiynx  («g.  :U..^O  is  attach.,1   .;,'."■"-""!■     ,^''«  '^'bru,,,- 

•"""■ -^- ^- i»  .n:;:;L ;:  ~;tt '" ''^'- 

lai   nCC.MlIlt   of  its   chlsi-   r.,,n.,    „»■  ■,        ,''""'""'"'>'    "'"Vl'llU.llt 

T- sii^ht^-e^vKhrr;;:,:;'^:  ;;::'"--''>;^'p''^''y"- 

attach,.,!   t„   th.  p,.„ximal  ™,i  „      I     '  f"'-™''*  .(%'■   3,  "i».)  arc 
--i.s.  in  .;,l,li„„  th,.  n       ,SP  ■        '"'"■'•■"-I"P''-.ynx.     Th.v 

tw„  |„u,.  „,•  ,ek.,it,.s,  a„  „„t,.r  nai,- ,!  .  '"  """P"«'''  "♦' 

''•■■■"  th.  pha„.„„,.a,  chaJ:!:,^^:"':!':'"^:'", '"-■>*'■■■■ -"-eh 
cinn, 
1, 


th.  pharynjr,.al  chann,.].     Th,.  »u"t  ,1,  !*"'■  "-"'M 

™t..i    l,y  a  ^„„v,.  with  th..  hv,     ^1  li'r;  "'""■  '""-r  '- 


;./. 


ahiiini-hvp,ipha|.vii.\-, 
■'/).)  r.pi-..s..nts  th.  Ill 
iii,«lifi.,l  and  (us.,! 
.scli.rit,. 


as  sh,j 


hvpiiph; 
Th.  lal 


.c,,n,l 


>n  "f  th..  hypopha 


■'■■y"g<'al  p<)rti,)n  iif  the 
•pophaiynx  (fig,  3, 


)iiiiii-h, 


ivith  th( 


gr..iitly 


eurvi.,| 


tub,. 

Th,.  ,.,|jT.s  „f  th.  h 


III  s.cti,in,  ha 


(%.  29,  /,/,.)  f„s.(|  t„  it 


ing  -h, 


labium.     It  consists  „f 


ehitin.ji 


■p„pharyng,.al  tul 


"ig  th,.  iipjK.,.  halt 


hyjj,)pharyng|.al 


pair  ,,f  sc|,.i.it,.s  ,,f  thi.   I, 


abiu 


ngag,.  with  th. 


'f  its  length. 


ini-,.piphai-vn 


IS.  (if  th.. 


X,  a.s  i«...nti,me(| 


EXTERNAL  STBICTHBE  OF  THE  ORAI,  LOBES  ],-, 

l-fi.ro.      Distally    tl...    hypupharyngeal    tub..    I«.e,„u..,   freo   fr,„„ 

'i':-t:;i;;r,,;:.^"'-' --•-'—.';:; 

D"^.,    ,.J,    si,|,.    „f    ,„..    labi„,„-hy,.,p,,a,yng..l    »clerite   a 
4       )....,>,  s„{  L„«„,,)  ai-ticnlati.  with  th,.  .li.seal  scl.TJtos      Th.. 

th  th,.  I„„bs  c„n»tnct,,l  in  th.  ,„i,|,n,.  „.,„.„.  ,h  ,  ,.,„,,  „,■  Z'. 

;;;;:  TT  r'  ""■  '^"-■"■"-'>n...pi.an„x  a,.ticuh.t,.,  t  X 

..M    .s„„k  ,n  ,h.eply  b„t„.o,.n  th,.  ,«■„  ,„.al  l.,bes  at  th.  bas.  „f  th  . 
'"■al  |)]t  with  th.  fV..  .„,]«  „,■  „„.  u           .•  ,    '  "'""^  '"  "" 

"».l  c,>n,.,l  a„t,.rio,.lv.  '        "■  '"■'"«  "'"""''"'■ 

e.J';,.^t'.Mi*r"t  ""'"'"";"•■  ""■  '"■  -"'  '"'"■»  -■  '-'«■"-  a- 

,        ,       ,    ■   '         '       -»-^l>m,.„t  a;.,„B  th,.  ,„„,.,.  ant,.ri,„.  ..,W. 

tht  ,„a    l„b.»  b,.ar  s.n.s,„.y  s.ta,.,  th,.  h,,.^,.,-  „,arKi„al  s..ta,.  b.i„.. 

m     cunt   „f  th.  ,„t,.rnal  »tr„et„.v  „f  th.  ,„.al    h,b..s  (p.  CI) 
On   ,h.   „w..,.  a„,i,  wh.n   th..  pr„boseis  is  with.h-awn,  th     i,  n. 

tiach  a.   (hfr.    3,  ps.),   fr„„i    th.ir    Ku,ci,.,l    ■■,.s,.n,Wanc..    t„    th,. 
""■'"1-;  t,ach,.a..,  ,.„„   fi.„n,    th.   .,lg..  „f  ,h,.   „„.l    his      ,  th 
."t™l  n,a,.«ins,     Th,.s.  ehann.ls  L  ahn„s,  ei,^  h       ;,'  ,t 

wUh  th,.  s„,.,;,e,.  „f  th.  ,.,.al  l„b..     Th.  eha,„„.is  av  •  ^'n    ,1^" 
by  ,„.ans  ,,f  sn.all    inc.npK.t.    chitin.us   n'ngs   which  X.  Th 
«™h.-,..ch,.a,.  th,.i,.  annnh.,.  app.a™,„..     E=!;h  „f  tl'  L™ 

,      '  '*'"■  *■      ^'»'    '■"»■<  ar.  s,,  aiTanfj,-.!    that    th,.    bifi,l 
.nds  alt.,n..,,,.  w.th  th.  singl.  .n,|s.     Th,.  ps.„d.,-„.ae    .a.ha    ' 

th.  „p,.,nn,,   th.„ugh    th.    bifi,l    ..vtr.n,iti..s  „f  .ach   rin.    ■.  ^^is 
sh,.wn    ,n    ,h,.   aec„„t,.nyin,   «„.,.   ,fi,.    5,      ^,,,„,    ^,,^-    ^  '; 

■dg .  „.  th,.  .„.al    ,b.  th.  ps.u.i„-t,.ach.a..  gra-lnally  t„en.,«.  ,„  si, 
...s  th,.,    app,„a.h   th.   ,n„.,.  n.argin  „f  th.   |„b..     Th.   nnn.l 
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iif  pstMido-tnichcae  traversing  «ieh  oral  lobe  is  thirty-six,  anil 
they  iire  grdupecl  in  three  sets.  One  anterior  set  of  twelve 
IBeuflii-tnicheae  run  into  a  single  large  psemlo- tracheal  channel 
running  along  the  anterior  inner  margin  of  the  oml  lobe,  and 
a  posterior  set  of  twenty  or  twenty-one  all   run  into  a  coniniun 


Fio.  4.    Oral  aspect  of  a  pseudo-tmchea  Flo.  5.    Chitinous  pseuilo-traeht'al 

showiiif^   interbitid  spaces  (i.ji.)  he-  rinRS. 

tweeii    iiitid    ends    of    the    pseiido- 
traclieat  rin^s. 

channel  riuming  along  the  posterior  inner  margin  of  the  lobe; 
between  these  two  sets  a  median  set  of  three  or  four  pseudo- 
tmcheae  run  direct  into  the  oral  aperture. 

Orahain-Smith  {Lc.)  has  made  compirative  measurements  of 
the  pseudo-tracheae  of  several  species  of  non-biting  flies  and 
of  the  interbifid  spvces,  as  he  terms  the  area  enclosed  between 
the  bifid  extremities  of  the  chitinous  rings  of  the  pseudo- 
tracheae.  The  average  measurements  of  the  various  parts  are 
as  follows : 


Pme  utlo-tracheae 

Interbifid  spares 

Diameter 

at 

proximal 

end 

Diameter 

at  distal 

end 

Diameter  near 
the  proximal 
ends  of  the 
pseudo- 
tracheae 

•006 

Diameter  nea 

tire  distal  end 

(if  the  pneudo 

tracheae 

Calliphora  erytkrocepkala 

•02 

■01 

•004  mm. 

Sarcopfuiga  carmiria 

■02 

■01 

■005 

■004 

LuciUa  ciiemr 

•02 

•01 

•006 

■004 

Faiinia  canicularis 

•016 

•008 

•OOfl 

■004 

Ophyra  anthrax 

•016 

■008 

■006 

■004 

Musm  domestica 

•016 

■008 

■004 

•003 

The  compiratively  small  size  of  the  interbifid  spaces  of  the 
house-fly  should  be  noted,  as  this  has  some  bearing  on  the 
feeding  habits  of  the  fly. 


ORAL  APERTURE  AND  FULCRUM 
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Thi'  (Jral  Aperture  Muk  at  thi'  banc  of  thi'  small  nml  pit, 
which  is  a  spaci'  kept  cipc'ii  betwffii  the  (ii-al  lubes  by  ineaiis  iif 
thi'  (liscal  .sclerites.  The  median  pseudo-tracheae  dn  nut  extend 
as  (ill-  as  th(}  (liscal  sclerites,  but  nn  entering  the  m-al  pit  the 
ehitiniais  rinj,'s  cease  and  are  replaced  by  narrow  A-shapi'<l 
sclerites  tiir  a  short  distitnce,  while  the  sides  of  the  oral  pit 
are  bonlered  by  a  row  of  teeth,  which  have  been  termed  the 
preatomial  teeth  and  which  lii'  at  the  siiles  of  the  openinjjs  of 
the  pseu<lo-tracheal  channels.  Between  the  pseudo-tracheae  the 
membranous  suiface  of  each  oral  lobe  is  thrown,  probably  in 
the  relaxed  state  only,  into  longitudinal  sinuous  ridges;  there 
appear  to  be  two  such  ridges  between  adjacent  pseudo-tracheae. 
Projecting  from  the  bottom  of  the  furrows  are  several  piipillae, 
generally  four  or  five  to  each  inrerpseudo-tracheal  area,  ,if  a 
gtistntoiy  nature,  the  gustatory  jjiipillae  (fig,  3,  i/p.). 

In  certain  text-1 ks  and  treati.ses  ni  which  the  proboscis  of 

the  house-tiy  is  described  a  misconception  of  the  character  and 
conseipn'Ut  function  of  thi'  pseudo-tracheae  is  freipiently  repeated. 
The  peiido-tracheae  are  di'scribed  as  homy  "rasp-liite"  ridges 
which,  by  a  "  lasping  "  action,  remove  small  particles,  of  sugar,  for 
example,  which  the  Hy  can  swallow.  A  careful  study  of  the  nature 
of  the  pseudo-tracheae  and  the  methml  of  feeding  of  the  house-fly 
would  convince  anyone  who  attempted  to  verify  the  i-bove  idea 
of  the  mistaken  interpretJition  anri  description. 

The  Fulcrum.  This  chitinous  portion  of  the  pharynx  (fig.  3,  F.) 
lies  on  the  lower  put  of  the  head  and  in  the  rostrum.  Kraepelin 
describes  it  as  being  shaped  like  a  Spiinish  stirrup  iron.  Its  struc- 
ture will  be  best  understood  l)y  referring  to  the  figures.  It  consists 
of  an  outer  portion,  which  is  U-shaped  in  section;  the  basal  |X)rtioii, 
which  is  posterior  and  fbnus  the  floor  of  the  pharynx  (which 
Lowne,  unfortunately,  tenns  the  hypopharynx),  is  verticaj  when 
the  proboscis  is  extended.  This  biusal  portion  is  evenly  nmnded 
at  both  ends,  and  at  the  sides  of  the  upper  end  there  is  a  pair  of 
processes— the  posterior  coniua  (fig.  3,  p.c.)  which  serve  tor  the 
attachment  of  muscles.  The  sides  of  the  fulcrum  are  somewhat 
triangular  in  shape ;  their  npyn-y  anterior  portions  are  produced  to 
form  the  anterior  comua  ((i.e.);  here  the  sides  l)en(l  inwards  at 
right  angles,  and  meet  Ih'Iow  the  epistomiuin,  upon  which  the 
n.  II. -r.  .1 
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fiilciuin  is  hing.d,  Th.>  fulcniiri  is  thcrctlin.'  i|Uiiiliilat.'ral  in  soc- 
tii.n  Ht  the  upper  piuxiiiml  I'licl,  mv]  tiilatomi  iit  the  lower  distal 
end.  The  liasiil  ]H,nwn  (fig.  2H,  b.p.)  tnrtns  the  Hcor  el  the  pharj-nx  ; 
the  reof  nf  the  pharynx  is  fiirnu'il  hy  anether  chitimms  piece  (r.p.) 
with  a  median  thicl<ened  ra])he.  This  lonf  lies  ]mn\\M  with  th.' 
basid  piece,  and  is  fused  with  the  sides  (,f  the  fulcrum.  On  the 
meiiibrancius  wall  „f  the  pharynx,  between  thi'  labium-hyp,;phar\-nx 
anci  the  fulcrum,  a  .small  chitinous  sclerite  (tig,  8,  k)  i.s  deveh)i)e(l, 
which  Lewne  terms  the  hyi.id  sclerite.  It  is  U-sliaiX'd  in  .section! 
and  .serves  to  k.vp  the  lumen  of  the  pharynx  in  this  region 
distended.   / 

The  Thorax  (tig,  (i). 
As  in  all  Dipti^ra  the  posse.ssiiai  of  a  single  pair  of  wings  has 
resulted  in  the  great  development  of  the  mesothorax  at  the  exjMise 
of  the  other  thoracic  segments,  consequently  the  thorax  is  chiefl\- 
made  up  of  the  sclerites  compising  the  mes.ithor«x.  The  prothorax 
and  nietathorax  comixjse  very  small  i>irtions  on  the  anterior  anil 
|X)sterior  faces  resjiectively.  Seen  frcjm  above  the  thorax  is  oviform 
with  the  blunt  end  anterior  and  slightly  tiattencii.  Three  trans- 
ver.se  sutures  on  the  doi-sd  side  mark  the  limits  of  the  prescutum, 
scutum  and  scutelluni  of  the  mesothoracic  segnu'nt;  the  nieso- 
thoracic  scutelluni  tbrms  the  pointed  pixsterior  end,  and  slightly 
overhangs  the  anterior  end  of  the  alxlomen. 

The  Protliurax.  The  prothoracic  segment  has  been  reduced  to 
such  an  extent  that  it  i.s  hopeless  to  attempt  to  homologise  all  the 
separate  sclerites  with  those  of  a  typical  thoracic  .segment.  To 
obtain  a  complete  view  of  the  prothorax  it  is  necessary  to  examine 
it  from  Ihe  anterior  end  ai'ter  the  removal  of  the  head.  The  follow- 
ing .sclerites  can  then  be  recognised.  The  prosternum  is  a  median 
ventral  plate,  quadrilateral  in  shape,  having  the  anterior  end  rounded 
and  broader  than  thi'  pisterior  end.  It  does  not  occupy  the  whole 
of  the  prosternal  area,  but  is  bounded  by  the  prosternal  membrane. 
Internally,  a  ridge  runs  to  the  posterior  emi  of  the  prostcrnum  and 
bifurcates,  each  ridge  ruiming  to  the  posterior  corners,  to  which 
two  strong  processes  (the  hypotremata  of  Lowne)  are  attached.  In 
front  of  thv  prosternum  there  is  a  small  saddle-shaped  sckrite 
which,  on  account  of  its  position,  may  be  called  the  interelavicle 


SCI.EHITES  (If   PROTHOIIAX 
Two  liilx..- 
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(thv  »,ll,.  „f  L..wn,.».  iH„  l„l«..s  „t  Its  amcri,,!-  ,.„,|  ,„•,■  cnwivil 
with  small  pr,K:..ss..s,  probably  sunsoiy  in  function.  A  jmir  ..f  Hniall 
scl,Tit..s  IS  situat«l  in  front  of  th,.»,.  lobos;  thc'si.  scU-ritrs  with 
thr  mterdav.cK.  no  ,lo„l,t  bolonjj  to  tl„.  p>„.st,.nn..n.  Th,.  intcr- 
L-lavid..  IS  v.-ntml  to  tho  eophalothoracic  to.-an,,.,,.     Th,-  jnKMlan-s 


(■•ime  j„!,nlaires  of  Kunck..|  .i'Horculnis)  aiv  two  pron.inmt 
l>»ck,.t-shap,.,l  selcTifs  lying  ono  on  ,.ach  si,l,.  „f  tho  cephalo- 
tlmracie  toranii-n,  an,l  having  th.-ir  convex  faces  external.  Lying 
.n.me,l,ately  below  each  of  the  jngnlares  is  a  sn,all  ro-jllike 
scle„te-the  clavicle.  The  .lors.-,!  region  of  the  prothorax.  the 
in-onotmn  (fig.  6,  pr.u.).  i.,  fon„e,i  by  two  sclerites  unite.!  ,n  the 
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medmn  l,n..,  th.-ir  .l„rsal  «.le.s  bnng  f.„v«l.     Frn,„  tho  v.ntml 
sirii'  ot  the  pronotmn  a  iwir  of  chitin.,u»  ap,*U.„u.»  prnject  int., 
th..  thnnicc  cavity.      Th..   lat.-ral   n.^ions  „f  th.-  pn,n,;tu.„  nr.. 
m  cntact  with  th,-  hinniTi  (/,«.)  an.l  th,.  pn,th„mcic  .pisterna 
Ihe  hunien  aiv  a  ,«„•  „f  „tr„.,gly  c(,nv..x,.(l  .sc-l.Titrs  situatwl  in 
th,.  ant..,.„.|at,.,al  .vKlnn  „f  th,.  th„rax.     Th..v  „,-,.  l,„nn,le,l  above 
by  th,.  pR.»cutiin,  „f  th,.  n„.«,th„i.ax,  int,.niallv  an,l  h,.|,;w  by  the 
,.pist,.nia  „f  th,.  p..„th,„ax,  an<i  ,.xt,.mallv  by  th,.  lat..ial  pla'te  of 
th,.  n,e»oste,nui„  an,i   the  anterior  thoracic  spiracle.     It.s  inner 
concave  «nrtiice  serves  for  the  attachment  of  the  muscle  of  the 
prothoracic  coxa.     The  episteraa  (eps'.)  (epitr,K;hl,.ar  .scl,.rites  of 
L,.wne)   are    coinp.nitively   large    .sclerites    forming    the    h.teral 
regions  of  th,.  proth.irax.     They  ov,.rhang  th,.  attachments  of  the 
pn.thoracic  limbs.     The  intenial  skeleton  of  the  prothorax  consists 
"t  th,.  two  stont  hollow  apKiemes-th,.  hypotreinata  menti,.nefl 
previously.     They  arise  from  the  postero-lateral  edges  of  th,.  pro- 
.stenmm,  an.l  run  ,)bliquely  acro-s  the  ventml  e.lge  of  the  anterior 
th.,racic  spimcle  where  th<.  hypotreme  divirles,  th..  p,st,.ri,a-  branch 
.uns  up  the  posterior  margin  of  the  spiracle,  betwe..n  the  lateral 
plate  .,f  the  me-sostemum  and  the  peritn.m,.  (th,.  chitin,ms  ring 
s.imnimlmg   the   spiricle),   the   anteri.a-   branch    fuses  with    the 
proth,)racio  epistemum. 

The  Hemothorax.  The  notuni  of  the  m,..sothorax  ,«cnpies  the 
whole  of  the  dorsal  side  of  the  thorax.  It  is  coinp.«ed  of  the  four 
sclentes  t,.  which  Audouin  (1824)  gave  the  names  of  prescutum 
scutum,  scutelluni,  an.l  postscutelluni.  The  pre.scutuni  (prs.)  tbrms 
the  anteri.ir  part  .,f  the  ,loi.s=,l  regi.,n  of  the  th.mix.  Its  anterior 
p,a.tion  bends  ,lown  almost  vertically  to  unit,,  with  the  pronotum 
The  anterior  ,.,lge  of  the  prescntuiu  is  inflectcl  after  the  pronotal 
.suture,  an,l  is  re.luce,l  in  the  n„.,li,m  lin,.  to  a  small  bifurcating 
pr,.ces,.  Th,.  prescutum  is  bounded  lat,.rallv  by  the  humerus  and 
a  membranous  strip-the  .lor.s,.-pleural  membrane.  Th,.  scutum 
(.»c.)  IS  th..  largest  of  the  mesonotal  plates.  It  occupi,^s  the  whole 
"t  the  m,.dian  .l.,rsal  r,.gion  of  the  thorax.  Anteriorly  it  is  l,.,unded 
by  the  prescutum,  lat,.rally  by  the  alar  membrane  and  th,.  Iat,.ral 
plate  of  the  i^stscutellum,  and  posteriorly  by  the  scutellum.  From 
the  lateral  r..gion  of  the  scutum  a  proc.ss  projects  fbrwanls  an.l 
,i,.wnwards   ami   articulates    with    the    posteri,.r    portion    ..f   the 
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«-inj;-l,as,.(th,.nu.tnpt..rygit.n.).  Th..  sc-„t,.|l,,n,(rf.)  is  „  tri,.i,«„l,„- 
I«.ck..t-,hn|>.,l  «;k.r,t..  which  ovorhanKs  th,.  ,«,»fscnt,.Mn,„  ami  th,- 
!««■  „t  thu  al),l„nu.n.  Thr  p,..st«-i,„-  surtlic..  „f  th,-  thmav  is  (.hi,.Hv 
c..iai)..s,.,l  „f  the  iarg,.  |)„st.sciitfll,„„.  This  is  ,na,i,.  up  .,f  thiv',. 
p.ec.-.s,  a  n>...lian  ..sc„teh,.„n-sha,«.,l  plat.  (,»;,o.)  str„nKlv  convvv 
t..  th.-  ,..vt,.n,„-,  a,„l  tWM  c,.nv,.x  lateral  plat,.s  (//,.,,r,,,  Th,.  Iat..ral 
piHt,.s  „,v  l..„iml,.,l  h,.|„w  hy  thr  n„.tast,.nH,.n  an.l  spi,,„-l,.s  an,l 
aiit.n..i|y  l)y  the  pifural  ivgim,  ,iC  thi>  iin'sothi.ivix. 

Th,.  mesustiTninn  is  a  scl,.rit,.  „f  CM„si,|,.,al,l,.  siz,-  an,l  tonus 
tho  l<.,.|„f  th,.  th„mx.     It  cmsists  „f  a  n„.,iian  v,.„tral  p„rti„„ 

(»«.!  which  IS  p,-,„hie, ,t,..ally  t,>  tnr.n  tw„  hirj;,.  Iat,.ral  plat.s 

(Ip.l     Th,.  „„.,han  p,„ti„n  is  l,„„n,l..,|  i„  f,.„nt  l.v  th,.  p,„st,.m„n, 

an,l  th,.  turaiaina  „f  th,.  anton„r  coxa,.,  an,l  h,.hin,l  hv  th,.  >n,.,iian 

c..,xai  toraiaiTia,     A  short  .listanc,.  I.,.hin,l  the  ant,.Hor  end  a  ,h. 

press.,..,  in  the  .ni,|.v,.ntral  line  ,.xt,.n,lii,j;  ,o  th,.  p.sterior  ,.,|g,. 

i..<licat,.s  a  i,„.,li„„  inflection  f„ii„inK  the  ,.ntothoi-ax.     Th,.  lat,.i-.l 

r,.s.ons  „t  th,.  imstenor  margins  of  th,.  in,.s,.st,.rn,.in  ar,.  inflect,.,! 

,.n  ,.ach  si.l,.  (o  fo„„  the  entoph.iim.     Th,.  lat,.ral  plafs  „f  th,. 

...esostc-nun.  tor,,,  the  whole  „f  the  a.itcrior  p.rtion  of  th,.  nl,.ii,.al 

.■eK.,,n;   each  .s  b„un,le,l  in  front  by  th,.  hu„„.n,s,  spiiaci,.   an,l 

p.-tho,,.cic  ..pisternum,  abov,.    by   th,.   ,l,.,.so-pl,.„,.al    ,„e„,b',.a.„. 

a.i,l  beh.nil  by  the  in,.s«p!eui.al  ineinbraii,..     Th,.  vvntral  si,|,.  of 

th,.  lat,..al  plat.,  is  continuous  in  front,  with  th,.  in,.,lian  plat.,  of 

the  .nesostemiim,  and  behin.t  is  unit,.,l  bv  m,.ans  of  a  suture     Th,. 

remaining  portion  of  the  mesopleural  n.gion  is  ma,k.  up  of  th,. 

epist..muin,  ..pimeron,  and  two  small  sclerit..»  conii..ct,.,l  with  th,. 

wing-base-the  parapte,-o„  an,i  costa.     The  ,.pister„,ii„  „„,",,  is 

«tuat,.,l  behind  the  iiH.sopleural  membrane  an,l   b,.low  th,.  -ilii. 

membrane  ;  below  and  behin,!  it  is  boun.lcl  bv  the  ,.pimei.o„      Its 

xurtace  is  markcl  by  two  convexities,  the  ampullae,  the  upper  of 

the  two  corresp,mding  to  L„wn..'s  great  ampulla  of  th,.  blowfly 

The  .loml  sKlc  of  the  episternum  is  intimately  connect,.,l  with  th,. 

sclerites'  ot  the  anlerior  portion  of  the  wing-base. 

The  epimeron  (ep'.)  is  a  triangular  scl,.rit,.,  an,l  is  b„u,.,l,.,l 

'  '"  «hi»  "ocount  the  indivMual  sclerites  which  compose  the  wi„K.|»«.e  will  „„, 
be  descnbed.    Lowne  h»s  describe,!  them  ,«  Rreat  length  lor  tl"  irwflv 
»  though  ,1„  wi„„.b«,e  sclerites  of  M.  ,/,.,„„,i™  differ  ,ZmI  „  7„n.T-!l\, 
o<  a.,U,„.,r..,  Lowne..  description  „,  .he  ,.,a.,„„s  ho>/i^'',:^CZJ:'tZT 
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ne,„bm„e     The  pimpfron  (pt)  i„  „«,|eriu.  Hituat..d  at  thv  top  of 

ny  a  „,„,,||  trunguar  ,K,rt.o„  ca„  b..  seen  ..xt.rnallv.  Inter 
"ally  th,«  iH  e„„  ,„,„„|  „,  ,.  ,„„;,„„„  ,,,„it,  ,„  „hieh  an.  attache  I 

zr^tiz  ■"  rr  "i"^  '!-■  ^"'«-  ^"'^  --  <™^ '" 

M^tnt.  «,t„ite(l  on  th,.  ,i„rsal  „,„rgin  of  the  epinieron  The 
m ternal  skeleton  of  the   n.esothorax  consists  of  the  e^tothomx 

nd  epnnera.  The  entothomx  ,8  composed  of  a  n.e,lian  vertical 
prod  ,ce<l  late„dly  >nto  wmg-like  process..s  rests.  On  this  struct  e 
ilTX  "7:-^™'-  '-  The  cntopleura  and  the  i,.^i 
S  mui^'^Tr""  "'"':'"'"™'  ""  -"-  '■»■•  th^'  attach„K.„t  of 

The  Afetaihara^.     The  largest  sclerite  of  the  greatly  reduced 
metathonu  ,s  the  .netastemun,  „„^.).    u  isa  wing1^ap.V^l  ri 

"ran, ma  of  the  median  posterior  p,ir8  of  legs:    the  exnanded 

::r  ir'Th'T  ''^rf "''-  ''""-^  ^"-^  ">«  ■"-^- 

and   unite  the  lateral  portions  of  the  metastemum.     A  trough 
.shaped  longitudinal  fold-the    metafurca-rests   on    tht    n^^t 
tninsvene  portion  of  the  metastemum.     The  po.sted„r  end  "fTh! 
metafurc-a  bends  downwamls  and  articulates  with   the   posterior 
coxae  on  each  side.     The  metafurca  serves  for  the  attach'TnTo 
he  thoraco-abdommal  muscles.     The  pleu.,.!  ,..gi„„  of  the  meta 
thorax  IS  a  narrow  triangular  space  situated  behind  the  llteml 
portion  of  the  metastemum  and  the  posterior  co.xae.     It  i    com 
posed    of  a   „am,w  triangular  epistemum    and   epimer^n      Z 

The    "  t  iT""''^  '""^  '^'^  *""<'  "*■  'he  haltere,  below  by 

the  posterior  coxal  fi.ramen,  and  behind  by  the  epinieron     The 
epxmen,n  (ep".)  is  also  bounded  below  by  (he  coxal  lo.Cn  Ld 


WINOS 


23 


lH.hn„l  l,y  ,h..  „H,.„.w  ,|„^.|  ,„^.h  ,,.  ,h.,  ,„..„.,h„,,„  ,.,„|  ,h,.  H,,t 

alt..,v.      1h..   .1,,^.,    ,,.,,i„„   „,  ,h„   ,„.,,.,h„,„,    h„,    ,„,e,o,      • 

e  .t,n„„s  Htn,.  ,,«„. ,eh  „i,U,  ,„.,„,,.,„  ,h.,  ap..x  ,„  th..       ,,  . 

i  Inmil  ur«,  «,„|  th..  .I„.>.,U  ...l^..  „f  th,.  fi,>,t  alKl,„m,ml  ,„■..„, 

The   W'iiii/s. 

Th..  wings  a>v  sitnat...!  at  tho  »i,|..s  „f  th..  sc-utun,  „n  th,.  alar 
mo,„b,.a,a.,  t.,  wh.eh  a,-.,  attaeh.-l  th.-  »d,.,it..s  „t  ,h..  winK-l,,  s,' 
llu'vaivcveivil  with  v..i-y  tint- haii-s  ' 

In  .M„K  ,h..   „..,,n.ti„„   ,„•  ,h,.  wings  th,.   „ .„ela,„,... 

I.."l*.>o,l  by  C,,n,.st,„..k  ami  X..,.,|han,  (I8!)S,  f,,,.  ,h,.  wings  .,,•  ,1,,. 
wh,.l,.  gr„np  ,,t  Ln»..t.ts  will  1„.  ,.n,|,|„y..,|.  ^ 


I 


The  neryu,vs  ..f  the  wing  are  ..chraccus.    Th,.  ant,.,.i„r  ,.,lg,.  „,■ 
1^    wn.g  (hg.  7)  ,s  ,„nued  by  a  stent  nervn,v,  the  eesta  ,C.  1, 

,lal/s  7/-  ".     ^^"  ""=""''  '""Kit.ulinal  nervnre,  the  snb- 

cest.  I  (So.  1)  ynm  the  c.«t.,l  abca.t  half  way  alenij  its  len^nh      .\ 
«null  transve^e  nervnre,  the  hnn.eral  (A.) 'divitles  the  costal  e.. II 


III 

it 
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inii,  c"»tHl  ((;.)  ,ui,|  tii-st  cnstal  (1  C.)  i-,ll».  The  next  inniii 
iiiiviin — thf  mclijil—dividcs  intd  a  imiiilHi'  ,4  Imiiichii.  (in  thr 
typie.il  iiiwct  five);  si.im'  of  thiw  have  (•.mli'Wfil  in  th.'  Hy.  A 
n.ivMiv  joininK  'h'-  ""tal  just  i«.st  th.-  niiddl.'  is  the  first  nulial 
(ft.  I)  c'littinjt  "f  thi  »nl)-ciwtal  cell.  Tli"  mxi  niTvuri',  which 
Ji.iiis  thr  ri«tal  iin  the-  apical  ciiivc,  iTpirm-nts  thf  tii»rd  wcond 
and  thiiil  radial  m-rviiivs  («.->  +  3),  This  cuts  „ff  the  first  mdial 
cdl  ( I  H.).  The  last  ncrviiiv,  which  jciins  thi'  cnsial  alin.ist  at  llic 
a|H'x  of  the  winj;,  rcpri'scnts  the  fused  i;,iirth  and  fifth  railiiil 
nrrviircs  (ff.  4  +  5)  and  s„  cuts  nff  the  ihiid  ra<lial  cell  <a  «.). 
The  ll.Mrth  ijiaiii  lonffitndinal  nervnre  is  the  median,  which,  in  the 
typical  insect,  divides  into  three,  hut  in  thi'  Hy  the  nerviires  have 
iMideig.ine  coalescence,  as   will   Ih'  shown.     The  first  and  s..c"nd 

median  ihtvuivs  have  coalesced  (,)/.  1  v  2),  and  d it  run  direct 

to  the  marjfin  of  the  win^,  but  hend  forwards  and  aliuiist  meet 
J{.  i  +  o  on  the  I  ista.  Atxiut  half  way  across  the  win);  a  trans- 
verse ncrvm-e,  the  radio-medial  (rm.)  unites  «.  4  +  .5  and  M.  1  +  2, 
and  cuts  ort'  the  fifth  radial  cell  (S  R.)  from  the  radial  (ft.).  Th<' 
next  longitudinal  ni-rvure  represent.^:  the  coalesced  thini  iriiKlial 
and  cubital  nervures  {M.H  +  Cii.l).  It  runs  to  the  posterior 
margin  of  the  wing  about  half  way  along  the  length  of  the  latter. 
The  nervures  M.  1  -i-  i  and  .1/.  :i  +  Cu.  1  are  united  by  two  nervures; 
a  proximal  nervure,  the  medio-cuhital  {m.cii.)  representing  |)nrt  of 
the  original  longitudinal  vein  M. :),  cuts  ott'  the  small  triangular 
medial  cell  (A/);  the  distal  transverse  nervine  m.  cuts  oii  the  first 
second  nu'dial  cell  (2  J/'.)  from  the  .second  second  medial  cell  (2  JU'.). 
The  last  longitudinal  nervure,  the  anal  (A.  1),  is  undiviiled  and  do^.» 
not  reach  the  margin  of  the  wing,  thus  incompletely  separating 
the  first  cubital  ( 1  Cu.)  ami  anal  (A.)  cell.s.     A  small  "nervure,  the 

cubito-anal  (e«.o.)  repivsenting  a  jxirti f  the  original  cubital 

vein  (Cu.  2)  slightly  more  proximal  than  the  medio-cubital  cuts  off 
the  small  triangular  cubital  cell  (Cm.)  from  the  fii-st  cubital  cell 
(1  Cu.).  Running  parallel  with,  and  jjosterior  to,  the  anal  longi- 
tudinal nervuiv,  there  is  apparently  another  nervine.  This,  hovicver, 
is  not  a  true  nervure  but  is  merely  a  chitinised  furrow  giving 
additional  stivngth  to  the  posterior  angle  of  the  wing.  The 
posterior  edge  of  the  base  of  the  wing  is  divided  int<)  a  number  of 
lobes.     These  are  the  anal  lobe,  and,  as  Sharp  (1895)  proposed. 


IUI.TERK.S 
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If  <<lnln.  Miitrs,,,,,,!,,,,,  an.l  ».,,imim.  Th.'  «|um.i,,>  h  tl,i..k..r  than 
iIk'  .v»i.  and  I,  „t.,„.h,..l  |»«t,.riMrly  t..  thr  «inK-r,-,t  l».t«,.,.„  ihr 
....■«..«<M,tun,  .MKl  th,.  lat.n.l  plafs  „f  ih..  |««t,n,t,.||,„„.  It  cvr. 
till'  h.iltiiv.  ,„  in  all  ■•c'aly|itiat4."  Miiwidaf'. 

The  ll„ltereH.  Th,.  halt.ivs  ,„■  haianni>,  (H^.  «  /.«/.)  aiv  pn... 
mlly  .•,ms„lw,.,i  to  ,v,,r,.»,,,t  th,.  nuli„„.„tan  .nHath,.,a,-i.-  wi„>;„ 
Ih.T  aiv  n.v,.iv.i  l,y  th.'  .s,|iianm..,  ami  aiv  wtiiatf.1  .,11  th,.  ni,!,.,  „| 
«h..  thorax  ah„v,.  tl,..  |«,Ht,.,  i,„- s|,im<.|,..H.  ^.d.  cn.i.ts  „t  a  cnieul 
l««.  ...I  whK'h  a,.,,  a  in.n,l».,.  „f  i.h„.,l„n„tul  s,.ns,..„rgan>.  an.l  „n 

'7  '"'";■  ,'"  ""■'!  »  "I""'!'-'-  '•"-!.  .11   Ih,.  ,.,..1  ,,r  whi.l,  a  staall 

.s|.h..>.|cal  kn,.l,  is  atlac.h,.,l.  Th,.  wall  ,.f  th,.  ,li>.tal  hall  „f  thi^ 
»l)h,.,.,.  ,s  thinn,.!.  than  th..  ,„.„Ni,Mal  half,  an,l  in  ,„.,.„.,.v,.,l  s.^.H- 
nu.n.  „  ifiHially  in,l,.r,t,.,l.  KxiHtinMiits  ,h„«  that  th,.  haltoi,., 
"IV  ..i-Kans  ,.!■  a  static  Inncti.a,.     Th,.y  ar,.  „„t  hala.tcinK  ■■■Xaiis  in 

the  »,.ns..  that  th,.y  a,. |nivah.|,t  t,.  th,.  halaneinj;  |»,|,.  „f  a  |..,,».- 

walk,.!-.  I  h,.y  nU.  hav,.  ,„.„l«hly  an  au.lit,a.^•  luncti,,.,.  Th,.,-  ar,. 
inn>.i.vato,l  by  th,.  Ia|.g,.»t  [Mil.  „r  n,.i.v,.>.  i„  the  th,.ias. 

'  Tl...  n,.,..encl«l.n,.  of  Con.»t.x..k  ,„„1  X..,.,ll,„„,  1,,^  „„,  „,  ^.^.„  ,„,„      ,  , 
d,pten,l„«„t,  i„  „..„.„„,  „„,  „„  „,„„„„  „,  ..^  „,„.T,,.„|„„ie,' J„'    "1 

;':;::;;tx^:!;;°'"' "  '"■■ '°""'" "™"-'""' '-  -"«-•  -'^^- 

Lj.Num„.N.w.  XKav..„t».     (•,,  Costal.     .SV, .  Me,lm«tin«l ;  ,.„xili„„.     /i,     Sul,. 
co.t»l:  1.,  „„t-„„,,i„„l.     /(.2  +  3.H«,lmh  2a,llo„„l.u,lin,.l.    /;.  4  +  3  Cl^l- ■",  1 

;    ,      ,     '„    ^  •  •'"■  '""«'"><l'"«l:  posticKVeiTHll).     .1,.  An,.|.  ml.  lona 

tu.l.n,il.     P.seu,loncm.ri.;H.ilk,..v;  7tl,lonKitu,lmal  ■" .  mi.  lonm 

™.,»ver.e  (Austen,,  ,„.,.„.  A.,t„i„..  I«,»al  tm.,,ver,e  (Au,...,);  l„„er  ^roT." 
<\HnHll,;  po,.,c,.  >m„,ver.e  (L„.v,.e).  ,„.  ,.„.terior  tmnsverse  (Aulten)  Z  ic 
■  Auate..);  «.,„!  Moss-vein  (Vcmll):  «n«l  tmnsveme  (Lowne)  UHn.s.er>.. 

tl...  »ul«o,t,  ■).  lJi..M„..K.„„|.  3it.Sub.,.„...„i„al;cubit„l(I,„wne).  ,5«  Fi,s, 
po-teno.-  eel  (A..„.„),   ...b.apical  ,Lo...,e  a„d  VernUl,,     ..V,  Second  po*," 

U.„e),  .2.1/  .  D.seal  (tl.is  t«™  i,  u«,l  al,o  a,  Lepidopte,,.,  Trich,  ptem  an 
■socopte.,.,  and  in  each  tan.ily  refer,  to  a  different  cell!,.  It.  Anterior  bl"al  oe 
Austen,;  upper  of  lir.t  basal  or  ,»,lical  (Vermlll;  prep«ta«ial  (Lowne),  1/  Po, 
k™,r  basal  cell  Austen);  middle  or  second  b,.»al  or  .,«lical  (Ver.,11);  „„u,rior 
b..»l.  Lowne  ,  C„.  Anal  cell  (Austen);  lo.ver  or  thinl  basal  o,  radica  Ver„.lh. 
1   'tcr.or  l»isal  (Lowne),  '  '  • 
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The  Ltgt. 

The  thn-.'  imirM  i.f  l..jp.  iir.'  CMinpowd  nf  the  typic.il  niiinber  »f 
"••Kiiii'ntH.     Bich  coriNiKtH  i.f  o.xii,  tnwhantcT,  fiMimr,  tibin,  unci 
tarsiiH.     The  c.x.i.-  ar..  thf  i.iily  «.){m.>nti.  that  Hh.iw  aiiv  ectwiil.T- 
abl,.  ,l,ffi.r,.no..  in  thr  thr.-..  |«irH  nf  l^.^.     Th..  antcrinr'  coxa.,  aiv 
ciapamtivrly  larg..  /it.il  t).»it-Hhap.Kl,  thr  iiiturim.<liatv  cxar  a.v 
»niall,.r  an<l  their  s..,».r..t..  «i.|,.rit..>.  iriorr  inark.d  ;  th,.  cxal  plati.s 
"I   th..  int..niuKiiat..  c.xa..  an.  shi>wn  in  fi^.  6  (cp.).    Thi.  cjxal 
Jnints  of  th|.  iMwtcrior  [Mir  nf  1..^  an.  alnmHt  siiailar  tn  th.«,.  mC 
th..  int<.nn..liat..  ,Mir.    Th,-  anti.rior  luinom  an.  shnrfr  anrl  Ht..tit..r 
in   th..  nn.1,11..  than  thnH..  „f  th..  int..nn..,liat..  |K.»ti.ri"r  [wirs  of 
li'KS.    Th..  ant..rinr  tibia.,  an.  als,,  Mh"rt..r  than  thn«.  of  th..  hito.....!- 
niK  U'KS.    Th..  antiTior  tibia.,  an.  coivn,!  on  th..ir  inn..r  .si,|,.s  with 
<.h«..tv-»..t,  ,a,.nK,.  foloun..!  »..ta>.  which  s-rv..  as  a  con.h  bv  ■....ans 
"1  whicn  th..  fly  n.,n..v..s  |),.rticI..H  of  ,li,t  a-lh-.i-ing  to  th..  «ct,.i. 
which  cloth..  Its  b.Kly;  th..  first  t^.r^al  joints  of  th..  .K.-terior  lem 
ar..  also  similarly  pn,vi.l..,|,     Th..  tarsi  consist  of  «,-..  joint*    th.. 
t..nninal  joints  U.aring  th..  ■'  f,...t."     Thcs..  orjp.ns,  about  which  so 
much  has  be..n  writt..n,  consist  of  a  pair  .,f  curv.,1  !at,.n.l  claws  or 
"  ungues     which  subtcn.!  a  p.ir  of  muinhnmous  pyriform  xmh— 
tht.  pulvilh.     Th..  pulvilli  an.  cov..ml  on  their  v..ntml  si.l.^  with 
innumer..bl,.,  closely-set,  secn.ting  hairs  bv.means  of  which  the  flv 
IS  able  to  walk  m  any  p,.sition  on  highly  p.,li.she<l  sur< 
small  8cl..iite  IL-s  betw..en  the  bases  .,f  the  pulvilli      T'  ■ 
,)oint«  an.l  the  other  segments  of  the  legs  an.  coveml  with  a  large 
number  of  setae. 


The  Abdomen. 

The  abdomen  is  .)viform  with  the  broad  end  basal.  The  Uital 
number  of  segments  which  compose  the  abdomen  is  eight  in  the 
male  an.l  nine  in  the  female.  The  visible  portion  consists  of 
apparently  four  segments  in  the  male  and  female,  in  reality  then, 
are  five,  as  the  first  segment  has  become  very  much  nducid,  and 
has  fused  with  the  st.cond  abdominal  segment  fonning  the  anterior 
fiice  of  the  base  of  the  abdomen  (see  fig.  22).  The  segments 
succeeding  the  fifth  are  greatly  reduced  in  the  male,  and  in  the 
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Mijriy  wtoa...  is]),cially  the  fourth  unci  fifth  ilowil   plate-,  1 
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CHAPTER  III 

THK   INTERNAL  STRULTURE  OF  MUSCA   DOMESTICA 


The  Muscular  System. 

The  iimscular  systom  of  the  Hy  is  similar  to  that  of  Volucella. 
ili.sciibt(l  by  Kunckel  d'Horculais  (18H1),  and  of  the  blow-fly, 
ilesciibed  by  Lowne  and  Hamnionii,  and  consequently  it  will 
be  but  briefly  described.  The  muscles  may  be  divided  into 
the  following  groups:  1.  Cephalic;  2.  Thoracic;  3.  Segmental; 
i.  Those  controlling  the  thoracic  appendages;  and  5.  Spec-ial 
muscles. 

1.  The  cephalic  muscles  will  be  considereil  in  the  detailed 
description  of  the  head  (see  p.  38). 

2.  The  thoracic  muscles  are  enormously  developed  and  almost 
(ill  the  thoracic  cavity.  They  are  arranged  in  two  series.  The 
doi-s.iles  (figs.  17,  18)  arc  six  piii-s  of  muscle-bands  on  each  side 
of  the  median  line,  attached  posteriorly  to  the  postscutellum  and 
inesophragma,  and  anteriorly  to  the  prescutum  and  anterior  region 
of  the  scutum.  The  stemoilorsiiles  {st.do.)  are  vertical  and  ex- 
ternal to  the  dorsales  and  are  arranged  in  three  bundles  on  each 
side.  The  first  two  piirs  have  their  upper  ends  attached  to  the 
prescutnm  and  scutum,  and  their  lower  ends  inserted  on  the 
mesostemum ;  the  thin)  pair  is  attached  dorsjilly  to  the  scutum 
and  veiitrally  to  the  lateral  plate  of  the  postscutellum  above 
the  spiracle.  As  Hammond  has  shown  in  the  blow-fly  (1881), 
all  these  nuiscles  are  mesothoracic.  The  dorsales  by  contraction 
lo.Jsen  the  alar  membrane  and  s<.  depress  the  wing,  the  sterno- 
<loi-sale8  have  the  opposite  effect. 
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3.  The  segmental  muscles.  Those  muscles,  which  are  sm 
prominent  in  the  larva,  have  almost  disappeared  in  the  inmgn. 
They  are  represented  by  the  cervical  nmsclea,  certain  small 
thoracic  muscles,  the  thonico-abdominal  muscles,  anil  the  seg- 
mentally-a.  .ange<l  aVxIominnl  muscles,  together  with  the  muscles 
controlling  the  ovip<jsitor  and  male  gonapijphyses. 

4.  The  muscles  contr()lling  the  thoracic  appendages,  the 
wings,  legs  and  halteres.  There  is  an  elaborate  series  of  niu.-eles 
eontnilling  the  r<H)ts  of  the  wnng,  but  in  order  to  avoid  too  much 
detail  they  will  not  be  de.scribed  here.  The  flexor  muscles  .)f 
the  anterior  coxae  have  their  origin  on  the  inner  surfaces  of 
the  humeri,  a  fact  supporting  the  prothoracic  luiture  of  these 
.sclerites;  the  flexors  of  the  mid<lle  pair  of  legs  have  their  origin 
un  the  sides  of  the  pi)sterior  region  of  the  prescutum.  The 
internal  muscles  of  the  leg  are  siinilar  to  those  of  the  blow-fly 
and  Volucellii. 

5.  Special  muscles.  These  are  the  muscles  oaitrolling  the 
spiracular  valves,  the  penis,  and  other  small  muscles. 


The  Nervous  System. 

The  central  nervous  .system  (fig.  8)  consists  of:  (1)  the  brain 
or  supraoesophageal  ganglia,  which  are  closely  united  with  the 
suboesophageal  ganglia,  the  whole  forming  a  compict  ma.ss  which 
I  propose  to  call  the  cephalic  ganglion  (fig.  8,  O.G.),  perforated 
by  a  small  foramen  for  the  piussage  of  the  narrow  oesophagus,  and 
(2)  the  thoracic  compound  giinglion,  which  is  composed  of  the 
fu.sed  thoracic  ganglia  with  the  alxlominal  ganglia.  The  two 
ccanpound  nerve  centres  are  united  by  a  single  median  ventnd 
cord  running  from  the  suboesophageal  ganglia  to  the  anterior 
end  of  the  thoracic  nei-ve-centre. 

The  cephalic  ganglion  consists  of  the  supraoesophageal  ganglia 
and  the  suboesophageal  ganglia  so  clo.sely  united  that  the  connnis- 
sural  character  of  the  circumoesophageal  connectives  is  completeh- 
lost.  Externally  on  the  dorsal  side  of  the  brain  three  longitudinal 
fissures  can  be  seen,  a  median  fissure  and  two  lateral  fissures 
marking  the  origin  of  the  optic  lobes. 
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Fi.:.  »     Xeivoiis  system.    The  very  line  nei ve  which  runs  aiong  tlie  dorsal  side  of 

jMserromiS"  Pn'v^'neutar  pmelion  {Pv.„.,  ttg.  20)  has  been  pu"! 

ah.n.  AMominal  nerve.    <.c.m«.  Accessory  mesolhomcio  dorsal  nerve,    uc  M  Acces 

n,"J.."'™l  ir/'nTJ!""-,  "'■■"■  Cervical  neries.  ,■.„.  Cephalolhoracic 
PK-rvecord.  ()./'.  Optic  peduncle,  pr.c-r..  ins.cr..  ml.r,-.  Pro-,  niesb  ,md  mota 
ni..rac,c  crmal   nerves,    pr.,1..   „.,.d.,  „„.,,,  Pro.,  ,„e»o.,  and  nieta-lhoracic 
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The  Siipmoesophageal  ganglia.  The  chiinictcrs  (if  thu  ganglia 
cninij.wing  thf  brain  are  hidden  by  the  sheath  of  cortical  cells 
which  till  up  the  sjwces  between  the  ganglia;  the  characters  ot 
these  can  be  ascertained  by  a  study  of  the  serial  sections.  The 
nie<iian  mass,  the  ppicerobrum,  is  formed  by  the  fusion  of  the 
proeerebnil  lobes.  These  are  unite<l  before  tvnd  behind,  an.l 
enelo.se  a  centml  ganglionic  mass- the  central  body.  Behind  the 
cei-ebriim  two  piii-s  of  fungiform  b(xiies  arise.  On  the  anterior 
face  of  the  procerehriim  the  antennal  or  olfactory  lobes  which 
represent  the  deutocerebrum  are  sitiuited  laterally.  Kach  sends 
a  nerve  (figs.  3,  8,  un.n.)  to  the  antenna.  Above  these  and  on 
the  dorsd  side  is  a  [jair  of  lobes,  the  frontal  lobes  which  are 
continuous  with  each  other  in  the  median  line;  these  belong 
morphologically  to  the  tritocerebrum.  Posterior  to  these  in  the 
mi'<lian  doi-sid  line  of  the  cerebrum  a  single  median  nerve,  the 
ocellar  nerve  (figs.  3,  H,  oc.n.),  arises ;  this  runs  vertically  to  the 
ocelli.  A  |)air  of  lobe.s,  which  correspond  to  Lowne's  thalami 
of  the  blow-fly,  are  situated  external  to  and  betwei'n  the  frontid 
and  anteimal  lobes.  The  peduncles  of  the  optic  lobes  have  their 
origins  from  the  sides  of  the  procerebrum.  Each  optic  pedmicle 
(fig.  «,  0.1'.)  contiiins  three  ganglionic  mas.ses  which  Hickson 
(1885)  has  termed  from  the  brain  peripherally  the  opticon,  epi- 
opticon  and  p'riopticon  (fig.  3,  P.O.)  respectively. 

The  Subuesiipfmgeal  ganglia  (fig.  3,  s.o.).  The  connnissures 
imiting  the  supraoesophageal  ganglia  to  the  (x?sophageal  mass 
cannot  be  recognised  as  such,  owing  to  the  extreme  state  of 
cephalisJition  of  the  cephalic  ganglia.  They  are  represented  by 
the  regions  of  the  oesophageal  foramen,  and  from  the  anterior 
side  of  each  of  them  arises  a  pharyngeal  nerve  (fig.  3,  ph.n.). 
From  the  ventral  side  of  the  suboesophageal  ganglia  a  pair  of 
nerves,  the  labial  nerves  (fig.  3,  Ib.n.),  arise  and  run  down  the 
proboscis,  innervating  the  muscles  of  that  organ;  on  reaching 
the  oral  lobes  they  bifurcate  and  branch  freely,  supplying  the 
numerous  sense  organs  in  those  structures.  The  cortical  cells 
(Leydig's  Pmiletmbstanz),  which  fill  up  the  spaces  between  the 
ganglia  and  form  an  investing  .sheath  round  the  whole  ganglionic 
maas,  are  of  two  kinds.  The  smaller  cells  are  rotmded,  their 
nuclei  are  hirge  in  proportion  to  the  protoplasm,  and  their  proto- 
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pJnsniic  fibres  iinnstoniosi.  with  ouch  ,,fh.„.      a 

The  £yes.     Each  eji'  contains  ah,)iit  4000  fiictK      Th 
similar  in  all  resDeefx  t,.  tU  ..    ,  '"'J   ''"''^' 

been  fully  d.^rib^lt  Hi  W     "vT  '   •  ""^^  ^'""-">''  "''''^h   ^ave 
cmfinnsf     ri  ,t^;  H,cks.,„  (  „o.  at).  wh„se  results  ,„y  st.ulv 

h^  given        t  si  m\        77  r"  '"■  "'"'■  "'■•"""'•'■  -"  ""•■ 

HicLn  eom.::!:;";;!;:  ,:r^,f  ;t:  £;•  ^;^  j;^' «-  ^h,. 

The    cephal.j-thomcic    nerve    mrd    rfi.r    K  ^         •  , 

cephalic    „n,l    thoracic    .an.lia       ^^L    >  '•*    """"■^    ""■ 

thoracic  ganglion  a  ,«„>     f  •     ,  "'   •"""""""    ^'■'"'    "»' 

vating  ti^  ,;^.LL:',r;;,;Lr""  ""'"^  ^"^•"•'  -"- "'-- 


«-«  /ns.rf 


/la 


rntcr 


prcr  MsG.    ^    AftC 

ms.cr  ■ ■ 

Fi.'.9.    Thoracic  compound  g»ngli«.    Left  n8p,ct. 
Lettering  as  in  ag».  8  and  10. 


The  Thoracic  gangliun  (fi™    H    q    in\  ;     „     ■.. 

bmul  end  anterior,  ,„k|    restf  ,„' th,        /  •u'^-      """'  '""^   "'" 
fk  ii  "    '"'    entothorac  c   skelet..n     c 

Xrr:Lrvrc,:;^'ir£-;:7:^^^ 
"pi'S'iit:''^""^  «""«■'""■  '^'  — -r 

and  met.rthoracic(Jft(?)ga2r    Th  "'"'""';'"•-■«  (^^*«) 

longitudinal  bamlolnerftif  e  wh^er  ""  ?""  ''•^- •>  >"«'-" 
behind  the  n,etatho™i:;.S:  ;2  ,:'":t  "  'V'"""'"'' 
M.«  )  which  represents  L  i^  ^^  ~'  ^'  «;;"^-  ■"- 
.i—  band  there  .s  a  median  do,^l  fi^ic^J^s      ■  ^ 


THORACIC  OAXauoN 

tlie  muscles  „f  that  retrinn   ,„L^'       I    '^  ^  ""*"■'  »"''  '"'Pplies 
^Pimcle.     The  aet7    .£.    th       "  "V"^'  ""''■""■■  ••'™- 

Be™ee„the,..e.th,..e.«:;;:\;:-:r^;r;-i 


•prcr 


«anKli„„.-  b.heVte..e"ri„rr;„""4.t''-"'°""'°  '^"«''»-    •^•«.  Abdominal 
iiiaBS,  situated  sliehtlv  (l,,r>,.,l    e 

tHe  nerve  fibres  .fll  :;'';:,,;  [^  ""''''■  -«-  "^  which 
(»«.rf.)  arises;    L„w„e,  in   tl'     U  fl  , '"T*'""'""''  "''"^ 

Them,rts.,fthesenem.smb  'm  •'•  ''  ""■"'  P'-"«h"racic. 
■'">-vate  the  stern«-Z^Z  '''V  "'rr'"'"^-  'T''-- nen.-s 
this   n,e,lian    «K.s,.th,  n  dc  ner        '"V      ""'  ""'"'"''  '•'■»'-"■•     I" 

the  acce.,s„ry  c,„^.,  n^esothon,!  t.rvjs  J.  ""  f  "I '"'  "'■■■^■™' 
"ngin;   exteraallv  these  anne,,-         "'."*'"<""'■*•    ^"^'"^    their 

the  n,es„thoracic-eraJ„3     T,  "7     ,"""   '^  ''"'  "^"«  "^ 
'•     ^'"'  *"^1  metathomcic  nerves 
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(mtd.).  which  inm-rvnte  the  halteres  nnd  are  the  largest  pair  of 
thoracic  nerves,  have  their  ..rigin  from  the  median  dorsal  band 
m  front  ot  the  metathoracic  ganglia,  so  that  they  appear  to  be 
nlm<«t  mesothoracic  in  origin.  The  metathorax  cniml  nerves 
(mtcr.)  arise  from  the  p,wterior  ventral  sides  of  the  meta- 
thoracic ganglia.  Posterior  to  these  a  pair  of  slender  nerves 
the  accessory  dorsal  metathoracic  nerves,  have  their  origin,  and' 
innervate  the  muscles  at  the  posterior  end  of  the  thorax. 

The  dorsal  band  becomes  much  thinner  posterior  to  the 
abdominal  ganglion,  and  runs  into  the  abdomen  as  a  median 
abdominal  nerve  (ab.n.).  In  the  thorax  two  pairs  of  abdominal 
nerves  anse.  In  the  abdomen  the  abdominal  nerves  arise  alter- 
nately and  irregularly  from  the  median  abdominal  nerve.  The 
median  abdominal  nerve  finally  terminates  in  the  genitalia. 

The  Alimentary  System  (figs.  11  and  12). 
The  alimentary  canal  of  the  house-fly  is  shorter  than  that 
of  the  blow-fly,  and   also   than   that  of  Glossina  described    by 
Minchm  (1905),  and  slightly  longer  than  the   alimentary  tract 


Fio.  11.     Longitudinal  section  of  the  Alimentary  Canal  ot  M.  doir-estica. 
fh.  Pharyngeal  suction  pump.    oe.  Oesophagus,    pi.  Ptilinum.    c.o.  Suora-oeso- 
phageal  ganglion.     ».rf.  Lingual  salivary  duct.     PV.  Proventriculus.     V  Ven- 
tnculus.     C.  Crop.    p.i.  Proximal  intestine.     11.  Rectum,     r.ji.  Rectal  gland. 

of  Stomoxys  described  by  Tulloch  (1906).  It  serve  .3  a  good 
example  of  the  Muscid  digestive  canal.  It  is  of  a  suct»rial 
character,  and  consists  of  pharynx,   oesophagus,  crop,  proventri- 
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P-.'...Pro,im.n„t..H„e.    „..„,.  Di.u.nnte»,l„..     „,,.„,„.„„. 

3—2 
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cuius,  ventriculus  i>r  chyle  stomach,  pruxiiiiHl  and  distal  intestini' 
and  rectum. 

The  Pharynx  has  already  been  describej),  and  will  be  further 
i-L'ferretl  t.)  in  the  detailed  d.'scriptiun  <>C  the  head  (pp.  56  et  aeq.). 
At  the  proximal  end  of  the  fulcnun,  where  the  oesophajjUH 
arises,  there  is  usually  a  small  mass  of  cells,  which  Kraepelin 
has  described  .i.s  glandular,  but  which  I  believe  to  be  siuinlv 
tat-cells.  *^  •' 

The  Oesophagus  (oea.)  conmiences  at  the  proximal  end  of  the 
pharynx,  and  describes  a  curve  before  passing  through  the 
oesopha^-eal  foramen  in  the  cephalic  gangli(m,  where  it  narrows 
-lightly.  It  then  pa-sses  through  the  cervical  region  into  the 
thorax  in  the  anterior  region  of  which  it  opens  into  the  pro- 
ventriculus  (Pv.)  continuous  with,  and  in  the  same  line  as  the 
oesophagus,  the  duct  leading  to  the  crop  (fig.  1.3,  d.cr.)  pis.se8  along 
tile  thorax  dorsal  to  the  thoracic  nerve-centre,  and  entering  the 
abdomen  it  leads  into  the  crop,  which  lie.s  on  the  ventnd  side 
of  the  abdomen.  The  oesophagus  has  a  muscular  wall,  enclosing 
a  layer  of  flat  epithelial  cells,  and  is  lined  by  a  cuticu'ar  intima, 
which  is  thrown  into  several  folds  at  the  anterior  end. 

The  Crop  (Cr.)  is  a  large  bilobed  sac,  capable  of  considerable 
<Ustensi(m,  and  when  filled  with  the  liquid  fijod,  it  loses  it«  bilobed 
shape  and  occupies  a  large  portion  of  the  antero-ventral  region 
of  the  abdomen.  Its  walls  exhibit  muscular  (unstriped)  fibres; 
the  flat  epithelial  cells  have  a  very  thin  cuticle.  The  function 
of  the  crop  will  be  more  fully  described  later  when  an  account 
of  the  metho.1  of  feeding  is  given.  Graham-Smith  has  shown 
(1910)  that  the  capacity  of  the  crop  of  M.  domestica  varies 
between  '003  and    002  c.e. 

The  Pruventriculm  (Pv.)  is  circular  and  flattened  dorso- 
ventrally.  Its  structure  will  be  understood  by  reference  to 
fig.  13.  In  the  middle  of  the  ventral  side  it  opens  into  the 
oesophagus,  and  on  the  dors<il  side  the  outer  wall  is  continued 
as  the  wall  of  the  ventriculus  (Ven.).  The  interior  is  almost 
filled  up  by  a  thick  circular  ^.lug  (Pv.p.),  the  cells  of  which 
have  a  fibrillar  stnicture,  and  is  pierced  through  the  centre  by 
the  oesophagus.  The  neck  of  the  plug  is  surrounded  by  a  ring 
of  elongate  cells,  external  to  which  the  wall  of  the  proventriculus 
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i»t<.  th..  wall  of  th?   :  ,tS,  '  t  „  „.1..»  .„,,  ,.b„,„,  i,  ,.,^,     ^^ 

"   v..ln..     This   int..fm  , ..      "^      "^    ^    '"""""  '""'  "I""  'hat  „f 

loter  ,p.  80).    '^  '*^'"""«  ""  '"'"'■  »»"eh  habit,  will  Ix.  ,|„scril„.,| 
On   tht'  <ti)i-HJil   si(l(.  ,i**  tu  1 


.he  oe^phagu,  „...,  „„„  e„p  (...'..rTSn™  I,,?'!  'Z^';;;-' »""  ">»  "-.«  ut 
(/'^'7•)  lies,  comnmnieatinff  by  means  of  -,   fin  •  , 

-Phaliega„j,,i„„;  this  fo-L  ^  p^    .h  ,    vmlh  T"  ""''  ''*' 
nem.us  system.  ■''.MiipithetiL  ,.r  visceral 

teriI';S'::^:ir.;i2:^fr^'  '''"''■  -p---  '-■  - 

being  fi,rn.e,i  by  the  d  ,x  77'     ,'  ^"'"""^  '•"^""  "^  ""'  '"«^-- 

narrows  in  p^ssin^  thr^uirh  th^th      ''"-  *^™«' "b^'''''  't  again 
the  abdomen  to  b«o,  u   th  *.'^"';'^»-"l«'"""nal  fomn.en  into 

->'  number    ,f  transverse  Mk      Ik    "  "'™"'"-''  '"•'-■  thrown  into 
tudinally.the    esu     benf       ;  ""  ''^'""  '"''^'"'•'"'  ^"''^^'- 

»h.eh  at  Imed     y  ^  Ills      TheT  "'  T  '"'-'''  "'  ■^'™""' 
.ligestwe  coeca  o/oth  f  ins    ts  "''       """"'""''  '"  *^' 


H8  THE   INTIBNAL  STBUCrrtJRE  Of   MI'SCA    nOMKSTWA 

Thf  Proximal  IntmUnt  (p.int.)  w  the  longent  repim  (,f  th.- 
Kilt.  It  varieH  in  UnRth  cnHiderably.  In  the  nnrmal-size.!  on- 
.lit...n  itH  curs..  JH  ««  tl.ll.m»:  BepnninK  at  the  anterior  end  „f 
the  Bb.l,..nen,  it  nins  HorHally  beneath  the  heart  to  the  po«teri<.r 
r-'Kion,  when-  it  curveH  clnwnwartl«,  tum»  t..  the  left,  and  nni» 
iDrwanl  lor  a  Hhort  distance,  curving  to  the  right  where  it 
donbleH  l«.ck  tran«ver»ely  to  the  left.  Her.,  it  doubles  sharply 
back  U,  the  right,  from  whence  it  runs  forwuni  (or  a  little  way 


IC    ;?  '      ■.•        .  '™*'"'"l  ""PPly.  «lie  oriBin  of  the  mulpiRhian  tubes  (niain  I 
ami  the  position  of  the  rectal  valve  indicated  at  .Y.  I"«"">n  '""es  Vuatp.). 

and  crosses  over  to  the  left.  Curving,  it  runs  posteriorly  to 
b,ooiiie  the  distill  intestine.  Its  walls  are  lined  by  an  epithelium 
of  large  columnar  cells. 

The  Distal  Intmtine  (d.  int.).  The  junction  of  this  with  the 
proximal  intestine  is  marked  by  the  entrance  of  the  .lucts  of 
the  inalpighian  tubes.  It  nins  posteriorly  and  curves  dorsally 
and  forwards  to  become  the  rectum,  from  which  it  is  separaU-Il 
by  a  cone-shaped  valve,  the  rectal  valve,  the  position  of  which 
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i»  »u.rk«l  cu-mally  (%.  14,  X.).     The  ..pithdiun.  ,.f  th-  .lin,,.! 
lumen   and  a«.  c,.ve„,l  by  „  (hirly  thick  chitin,! '  „ti.nn     The 

:r'S:r:';r '"^'' '"- '-^^-1..,,,. ,,..!. 

Th..  Rtctun,  (red.)  is  c,„„p..«,|  „f  ,hrc,.  p,„.,«,  „„  anteri,,,- 
region,   an    ,nton„«iia...    re^i.-n    which    iH   sw.Uen    to   « 2     h  ■ 

IT  i:;"^'  'r' "  "'■"^^■^  "■«■""  >*■"'-''"•  '••  ">-  which  J„ 

•xema  ly  by  the  a„„H.     The  anteri,,,-  „,^i.,n  ,„  „„,,,  ^y  enbtca 

ami  Kive  the  ch,tin„„.s  intnna  a  t,iberc„l«t«|  stnicture  The 
.ntenn«hate  re,n„„,  which  f„nn»  the  rc.ctal  cavity,  c.ntains  the 
lour  recta  glards  (rectgl.).  Its  walls  are  li,u,l  bv  a  th" n  .til 
^up,»rUKl   by  a  flatten.l  epitheliun..      The  f.,stJri„r  ,..rt  f 

the  reetun.  .s  short,  «„,!  has  thick  „,„.,cular  walls.  The  cuticul.  r 
.nt„.,a  ,»  cont.n„„us  with  that  „f  the  external  skeleton 


i^alirarg  glands. 
The«.  a.v  tw,.  sets  „f  saliva.y  ghm.ls-a  pair  „f  labial   a..,l 
a  p.,r  ofhngual  glands.     The  stn.ctua.  ..,  the  labial  glands 
be  ,W.b«l  ,n  the  accca.nt  „f  the  anaf.n.y  of  the  head  (p.  63 
than   tl     r?T    ^'""*<««-  12.  ^l-a-).  though  considemblv  longer 
than  the  total   length  of  the  b.«ly,  are  of  the  sin.plest -.nbul 
t)Te.     They  are  ot  unifonn  wi.lth  throughout  their  whole  length 
except  the  sl.ghtly  swollen  blind  teru.ination.     These  blin!  Tn  s 
I-  -ne  on  each  „de  of  the  ventn.1  and   p,sterior  region  of  the 
abdomen,  genen.lly  e„,b..dded    in    the   fi.t    b,xly.      Thev   f.ke   1 
smuous  cnnm.  forwar-ls  through   the  ah.lou.en  into  the   thomx 
where  they  run  alongside  the  ventricular.     At  the  sides  of  thJ 
pmventncnlus  they  are  thrown   into  .sevend   folds,  which  appear 

.d  s   o,    the   oesophagus,  and    on    entering   the   cervical    region 
he   dncts   lose    the,r  glandular  chamcter   and   a,ssume   a  spiral 

m  te  bdow  the  oesophagu.s,  and   the  single  median  duct  enters 

itct  t  r         '"   ,''^'   r'P''"'"""'""^'''    "^■■-   »"»  -d  runs 
direct  to  the  proximal  end  of  the  hypopharyn.x,  at  the  end  of 
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which  It  opi.n».  A  (.hort  <li»Unc..  h,.f.,ri.  ontoring  the  hyiK,- 
phiirynx  ih.-  »«liv«ry  .l.ict  (tig.  3,  nl.d.)  i»  providwl  with  «  Huiall 
vulv..  cntrollwl  by  ,i  ya\t  of  fit...  i.iii«:l.«  (,.,„.)  which  B..rve  tn 


Flo.  15. 


Flo.  18. 


Fk..  I.V     Tran»ver«,  .ection  n(  ll,e  linioml  .alivary  Kkml.  .howinu  the  flbrilLir 
chan«l.roflh»Bl«"acell..     xm    (C«iie«  lucid.  drnwinB.) 

Flo.  J«,     Vertioil  ««,tion  ot  one  of  th.  rectal  „lai,.l.,  to  .how  it,  .tracture.     ■<  56 

(CAmerH  Iticlda  f1niwiti({.) 

<ft.  IVrlorate  cliltinou.  aliealh.     r..„(.  Oland  cell.    Ir.  Troclica. 

n'sulaf  th..  flow  „l  th..  »,.livaiy  sccntion.  Th..  glnn.lH  hi-.,  com- 
p.«t.<l  of  glanihilm-  c.lls  (fig.  15),  which  «.v  convex  ..xtemally  an.l 
hav..  n  fibrillar  app..Hmnc..  in  .s,...ti„n.  No  vacnoles  have  been 
found  in  the  cells. 


The  mal/iiiiliian  tubes. 
A  pair  of  nialpighian  tubes  (fig.  14,  malp.)  ari«.  at  the  Mint 
of  junction  of  the  proximal  and  distjil  intestines,  that  is  whciv 
the  mesenteron  joins  the  i)r,)ct,Hlacum.  Each  malpighian  tub,. 
«  shortly  ,livKl..d  at  an  angl..  of  180°  into  two  nmlpighian  tubules 
Ihe  malpighian  tubules  are  very  long  an.l  convolut.Kl,  and  inti- 
mately bo„n.l  up  with  the  ditru."...  tat  bclv.  so  that  it  is  a  matter 
of  consi<l..rable  difficulty  to  dissect  th..ni  ,.iit  entire.  They  have 
a  monilifonu  appearance  and  are  of  uniform  width  throughout  ■ 
never  more  than  two  cells  can  be  seen  in  section.  They  an' 
generally  yellowish  in  colour.  As  in  most  insects,  they  are  iin- 
.loubtedly  of  an  excretoiy  nature,  as  the  contents  of  the  cells 
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.111.1  tiil.ul,.,  „h.i»-,     U,wii.'»  virw  th.it.  ill  th,.  l,lo»-Hy.  th.y  uiv 

ot  th..  imtiire  of,.  h,.|)„to-p,.iicn™  is  iiiiU'iuibl,.  ,„i  Inrth  motnho 
luKKiil  and  phyi.ioloj{iciil  jfroiin(l». 


The  rectal  ijliniih. 
Th-    tour   r..ct,.i   «l,,n.l.s  u-ert.„l.)  ,  ,  ,„^..,|   j,,   ,„„       j^ 

two  ...ich  ,i,h.  of  thi.  ivct,.!  cavity,     ^w,,   „.ct..l  Klan.l  (Hif.   1«) 
h...^  a  conical  or  |jyiitorin  ajMs  »iih  a  ,sw»ll,.u  lirtnlar  l.a«..     Ii 
IS  c..iui«,.s,.(l  of  a  sinjrj..  layvr  of  lar^..  colninnar  colls  l,ryl)     ih, 
p.ipill.1   IS   hollow  an.l    its  civity  is  i„  coimnunicatioi,  with   th,- 
K-n,.ral    l.sly   civity.      It    is   cov,.|-..l    ,.xt,mally    l.y  a  p,.rton,t,. 
chitinoiis   -hcith  {Hh.).  which   is  cmlinnous  with  th,'   intii,,,,  „| 
thi-  ivctiim.     A  niinil,,.r  „f  trach™,.  {tr.)  ,.|it,r  th..  .-aity  of  .nch 
Khui.l.  ,«„l  fiiif  tnichcac  may  I,,.  fo„„,|  |,.,u.tiati„^r  (ho  wall      Th,- 
c.»ity  of  the  bI„ii,|  is  fill,.,!  with  a  l,«s,.  ti.ssno  of  hmnchiio'  ell. 
As  the.  KlaiKl  ,s  capable  of  pulsation,  th,.r..  is  no  ,lo,ibt  a  constant 
infichang..  of  blocl   Intw^.n   th,.  cavity  of  th,.  glanil  ai„l  th,. 
l.o.ly  c-.vity  (which  is  a  ha.n.oCH.l).     By  this   in..ans  wast,,  pro- 
.luct,  „.,,y  b,.  cvtractcl  from  th,.  blo,Kl  by  th,.  larjr..  Rla,,,!  c,.ll, 
.in.l  ,vxcret,.,l  into  the  |.,.ctun.  throuKh  th..  por,.s  on  the  external 
sheath    ,,t    the  glan,l.      Th,.    rich    supply    of    trachea,.    prob.bU 
H.ss,.,ts    the   cells   ,n    th,.    process   of   excr..ti,.n.   as   we    fin.l    th^ 
tnicheae    very    numerous,    an.l    intin.at,.|y    connreti^l    with    th,. 
nirtlpighian  tubules. 

The  Re-spiratory  System. 
The  respimtoiy  or  tracheal  system  is  ,levelo»Kl  to  a  verv 
great  extent  in  the  fly  an,J  wcupies  more  space  than  any  oth,.',- 
anatomical  structure.  Only  by  ,lis,section  of  the  freshlv-kill,.,! 
insect  can  on..  ..btain  a  true  co„c..ption  of  its  ,levelopi„ent  an,l 
M.,[.,rtance.  It  consists  of  tmcheal  sacs  of  varving  nz.  havini: 
extremely  thin  walls  an,l  tracheae  which  may  arise  from  the  sacs 
..r,  m  the  case  of  th..  ab,lominal  tr^hea,.,  in,l,.|,.n,l..ntlv  from' 
the  spiracles. 

The  Anterior  Thoracic  Spiracles  (figs.  0,  17,  „.tl,.}.  Eich  is 
a  huge  verticil  opening  behin.l  the  huinen.l  .sel..rit,.  an.l  abov,'. 
th..    anterior   legs.      It    is   surrounded    bv  a  ehitinous    »,,.,    th. 
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jx-ritreme,  and  the  opening  ia  guardetl  by  a  number  of  dendritic 
proceasea  which  prevent  the  entrance  of  dust  and  other  foreign 
bodies.  It  leads  into  a  shallow  chamber  or  vestibule  which 
conimunicites  with  the  rest  of  the  apiraciilar  system  through 
a  valvular  aperture. 

The  anterior  thoracic  piracies  supply  the  whole  of  the  head 
the  anterior  and  median  regions  of  the  thorax,  the  three  pairs' 
"t  legs,  and  by  means  of  the  abdominal  air  sacs  a  large  part  of 
the  viscera. 

Internal    to    the    valve    the    tracheal    system    divides      The 
tracheal  sacs  springing   from   the  posterior  si.le  aiv  as  follows- 
Ventrally  a  rather  narrow  tracheal  duct    leads  into  a  ««;_thc 
antL-nor    ventral    thoracic    .sac   (fig.    17,  a.M.)_.situated   at   the 
side   of   th(^   thoracic    ganglion    which    it    supplies.      Above    the 
origin  of  this  another  tracheal  duct  leads  to  a  vertical  s,ic  sup- 
plying the  anterior  stemo-dorsales  um.scles.     Dorsally  the  duets 
of  two  sacs  t^vke  their  origin ;   the  smaller  and   more  dors;.l   is 
a  Hat  siic  cl,.sely  apposed   to  the  anterior  emis  „f  the  dorsal-s 
miLscles  (do.)  which  it  supplies;  the  more  ventral  of  the  two  is 
one  of  the  two  most  important  branches  of  the  anterior  thoracic 
spiracle  (the  other  being  the  branch  supplying  the  head).     In 
the  thorax  it  takes  the  fonn  of  an  elongated  sac  lying  below  the 
doraales  muscle.s,  and  by  the  side  of  the  alimentary  canal.     From 
the   dorsal   side   of  this   the  longitudinal   thoracic  stic  {l.tr.s.)  a 
number  of  branches  arise  which  supply  the  lower  dorsjdes  muscles. 
It  IS  constricttKl  about  the  middle  of  its  length  and  anterior  to 
the  constriction  a  branch  is  givi'n  otf  which  supplies  the  ventral 
portion  of  the  median  stemo-dorsales  muscles.     In  the  jwsterior 
region  of  the  thorax  another  ventral  blanch  is  given   ot»'  from 
which  branches  arise,  one  supplying  the  ventral  portions  of  the 
posterior  aterno-doraides  muscles,  the  other  opening  into  the  pos- 
terior ventral  thoracic  .siic  (p.v.«.)  which  supplies  the  intermediate 
and  posterior  legs. 

The  longitudinal  thoracic  sac  then  narrows,  and  pisses  tliii>iigh 
the  thoraco-abdominal  opening  into  the  abdomen.  In  the  abdo- 
men it  immediately  dilates  to  fonn  one  of  the  large  abdominal 
air-sacs  (ab.s.).  The  pair  of  abd,)minal  air-siics  in  some  cases 
occupies  about  half  the  total  space  of  the  abdomen.     When  the 
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ta.-b.Klv  ,,  not  greatly  developed  they  «eupy  almost  the  whole 

'       .  banal  ,K,rt.o„  of  the  abdonu-,,.     They  give  off  inte^aly 

"      ..g.    number  of    tracheae    which    mmify   among   the    vise™ 

-.1    prov,..e   a    large    ^rt.on   of  the   contLts  of 'the   abdZ: 

Fro.n    the   anterior   side  of  the  anterior   thoracic  spimcle  a 


inu8cle»  and  the  posterior  stemo  H^£    'f""'™'''  '"ff'ter  with  the  wing 
(iKure  is  superimpSLd  "Sag  T?"  "  """  "^  '""«»''»  ">"  this 

""■  ^r'Ksterior  Sho;i,iJ'"sXie°""".r;-  S.,„  n'"-'-"'  *"*""■  ™"'""  »-• 
dorsales.  spimcie.  k.,.   Scutellnr  sac.  ,t.<lo.   Stcmo- 

Hattened  s.,e  arises.     On  its  ventral  si.le  this  gives  off  a  branch 
V  .ch  s..ppl,es  the  ,„„.seles  of  the  neck  and  the  fnteriof  i;  ™t 
e,-)    which"'  .nto  a  rather  thick-walled  cervical  tntchfal  due 
e.<,.).    which    p«ses    through    the   neck   alongside    the   cephalo 
thoracic  nerve-cord  and  enters  the  head  ^ 

Tracheal  Sacs  of  the  Head.     The  tracheal  sacs  of  the  head 
..ccpy  the  greater  portion  of  the  head  capsule.     They  entSlJ 


tnd. 


TRACHEAL  SACS  OF  HEAD  ^. 

fill  up  all  the  space  which  would  otherwise  be  haemc«„el  These 
Z:  r  ""/"PP"^''  ">>■  "'^'  '"-heal  ducts  wh  "h  ..nte  i  " 
the  head  capsule,  curve  .l„«.|ly  be-hind  the  cepha  ic  e,t      f 

™  tt tf  :T:?  "T    ™""''  "'^'  ^"P""''^  ^'"«'-'  '■"■■■""^  ' 
siructure  ot  a  tentorial  nature  upon 

which  the  ganglion  rests.    The  <lors,.l 

cephalic  ducts  unite  behind  the  ce- 
phalic ganglion  abovethe  oesophagus 

From   the  p.int   of  junction    three 

•lucts  arise,  two  lateral  ducts  anfl  a 

median  dorsal    duct.      The    median 

dorsal  duct  (m.d.)  opens  into  a  large 

bilobetl  dorso-cephalic  sac  lying  on 

top  of  the  ganglion,  and  .«^cupying 

the  dorsal  region  <,f  the  head  capsule. 

It  gives  off  branching  tracheal  twigs 

supplying  the  antero-dorsal  p<jrtion 

of  the  optic  ganglion  (periopticon). 

l^ich  of  the  lateral  ducts  (Arf.)  Slip-        • 

phes  the  posterior  cephalic  ..cs.     It  first  communicates  with  a 

sac  (hg.  17,  p.c.8.)  lying  behind   the  .lors.l  portion  of  th         , 

ganglion  to  which  it  gives  off  •,  lirrn.    '     '  P°'*'''"  "'  »''e  optic 

This  sac  opens  into  af.  if       Xd" l     I    k'"''"'  '"•'*^- 

ventro-posterior   region    of  fh  I'lr^'^T, "'™''''"  '''^' 

«^  of  th.  head  a.  supplied  by  t;;:^^  Jtc;::r;^ 
s:^;':sttiE  i:dS^bi"^::tT7'''r^'-' 

giving  off  inte™ally  tracheal  twigs    .he  tc  t  m" ;"""'""  "^ 
cates  with  two  tracheal  sacs.     An  intenial  Cti    t  ."""" 

spherical  sac,  the  anterior  cephalic^      87 ntVr'stuTV    "f 
anterior  r..gio„  of  the  head  *„..,  to  tL'fu  en  li .  '  Vr^    ^    d',;';' 

optic  ganglion.     The  lowfr  en.l  of  t    s^  l^,      ,^1   "'"  '"  "">' 
ente.  the  .stnim  which  it  travei^s,  ^^:^\^-Z:: 


-c.tr 


tracheal  ducta  which  supply  the 
cephalic  sacs  an.l  traeheiil." 
c.tr  Cervical  tracheae  which  fuse 
above  tlie  oesophaBu.i  on  the  pos. 
tenor  side  of  the  cephalic  oanir- 
'°"-,,,.  ,'•"•  Uteral  duel 
m.rf.  Median  dorsal  duct.  („.,( 
Tentorial  tracheal  duet.<  which 
spread  out  beneath  the  cephalic 
ganglion.  '^ 
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its  length  a  trachea  which  supplies  the  palp  of  that  side.  On 
reaching  the  haustellum  it  takes  the  form  of  a  trachea  proper 
having  annular  thickenings.  Shortly  after  entering  the  haus- 
tellum it  gives  off  two  branches  t..  the  muscles  of  this  region. 
The  main  trachea  is  continued  into  the  oral  lobe  of  its  side, 
where  it  divides  into  anterior  and  posterior  branches,  and  thesJ 
agam  divide  into  numerous  small  tracheae  running  to  the  edges 
of  the  .>ml  lobes.  Lowne,  in  his  description  of  the  tracheal 
.system  of  the  blow-fly,  describes  and  figures  the  tracheal  supplv 
of  th..  proboscis  as  being  of  the  nature  of  tracheal  sacs  anil 
ciipable  of  distension ;  he  also  describes  a  tr.;foil-shaped  tracheal 
•sac  at  the  b,UHe  of  the  oral  lobes  giving  off  very  regular  branches 
the  dilation  of  which,  he  claims,  causes  the  inflation  and  tension  .,f 
the  oral  lobes.  The  mechanism  of  the  proboscis  will  be  discussed 
later  (p  62),  but  it  may  be  notic^-d  here  that  in  M.  domestica 
thei-  :s  no  trace  of  a  trefoil-shaped  sac  at  the  base  of  the  oral 
lobes,  and  that  all  the  tracheal  structures  of  this  the  haustellum 
region  are  definite  annular  tracheae,  and  therefi«-e  incapable  of 
distension. 

The  Posterior  Thoracic  Spiracle  (figs.  6,  18,  pMi.)  is  trian- 
gular in  .shape  and  is  guarded  by  dendritic  processes.  The 
tracheal  sacs  of  this  system  (fig  18)  have  not  the  extended 
range  of  those  supplied  by  the  anterior  thoracic  spiracle  but 
are  confine.l  to  the  thorax,  chiefly  in  the  median  and  posterior 
regions  which  are  not  aerated  to  any  great  extent  by  those  of 
the  other  system.  They  supply  chiefly  the  large  muscles  of 
the  thorax.  Laterally  a  series  of  s  _s  (<.<A.».)  extends  antero- 
dorsidly  in  an  oblique  direction,  external  to  the  stemo-dorsales 
muscles,  to  the  humeral  region.  Fr,)m  the  first  of  these  sacs 
a  large  number  of  tracheal  twigs  arise  and  supply  the  muscles 
ol  the  wing  and  the  anterior  stemo-dorsales  muscles.  Ventral 
to  this  sac  a  large  sac  (m.v.s.)  penetrates  internally  between  the 
anterior  and  median  stemo-dorsivles  muscles  and  supplies  the 
lowiT  ilorsales  muscles. 

From  the  dorsal  side  of  the  distributing  sac  a  number  of 
siKs  arise,  some  of  which  penetrate  between  the  stemo-dorsales 
muscles  and  supply  the  upper  dorsale*  muscles.  A  more  pos- 
teri.n-  set  supplies  the  posterior  regions  of  the  dorsales  muscles, 
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ramifyinj.  between  th.,„  in  „  vx-^,  ,,,,.„,;,.,.  , 

maU-ly   .„„,„„t.ng  ,n  the  tmcheal  aac,  beneath  the  scutum  an  1 
the  scutelkr  Hac  («;.».). 

In  t?'  ^f  °'"''"''  ■'^'™"'*'  ''*"'  '"  ""■"'^^^^  '"  'he  tw„  «exe» 
In  the  male  there  are  «,ven  pai™  of  abdominal  spimdes;  in  the 
fen,ale  I  have  only  been  able  to  find  five  pair..  In  both  »exe 
each  .„  the  large  tergal  plate,  which  cover  tTe  abdomen  ha.,;  a 
U»  lateral  margm  a  s„.all  circular  spiracle.  The  fi,^t  ab,l.uninal 
««g.nent  wh.ch  ha.s  fused  with  the  second  pair  has  a  pair  of  Jal 
«pnuc  es  (see  fig.  22.  slightly  anterior  to  those  of  the'^second  ap- 
parent  first)  abdominal  segn.ent.  In  addition  to  these  the  nia  e 
p.sses.ses  two  pairs  of  spiracles  in  the  n.en.brane  at  the  lateral 
extrem.t>es  ol  the  rudimentary  sixth  and  seventh  ab.Jon.inal  1!^ 

:";:■■■  '«•  ''>■  !"  "'^'  •■'^•-'^  I  "«-  been  unable  to  ^n'^d 
any  add,tu,nal  sp.racles.  Each  of  the  abdon.inal  spimcles  is 
pmvided  w,th  a  vestibule  and  atriun.  which  .re  .semmtcl  bv 
a  va  ve  c^UroUed  by  a  m.nute  ch.tinous  lever.  All  th'^'TpTrlcJ' 
ot  the  abdo„.en  communicate  with  tracheae  which  ran,ity  an,ong 


The  Vascular  System  and  Body  Cavity. 
By  the  great  development  of  the  tracheal  sacs  in  the  head 
the  muscles  m  the  thorax,  and  the  fat-knly  and  air-sacs  in  the' 

The  blo,xl   IS  colourless,  and  is  crowded  with  cor,,nscles,  mostly 
contammg  substances  of  a  fatty  nature. 

The  Fat-body  varies  greatly  in  the  extent  of  its  development 
In  some  ca,,es  ,t  may  almost  fill  the  b,xly-cavity,  pu.,hi„g  the' 
ntestme  back  mt.,  a  p,stero-dor^l  position:  this  is  genemllv 
the  ca.se  m  flies  before  hibernating;  in  other  cases  it  may  bL 
only  moderately  develope,l.  The  fat-Wy  receives  a  verv  rich 
tracheal  supply  and  stores  the  products  of  digestion  which  are 
conveyed  to  it  by  the  bl^xl  with  which  it  is  bathed.     It  consists 

thel^"  ir'^f   rr'f'  ^"^   »"i""*ate  ami   multinucleate; 
the  fat-cells  of  the  head  are  not  s-i  large 

The  Dorsal   Vessel  or  HeaH  lies  in  the  pe-ricaixlial  chamber, 
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iiiimediutely  beneath  the  dorsal  surface.  It  extends  fnnn  the 
posterior  end  to  the  anterior  end  of  the  abdomen,  and  four  large 
chamber,.,  corresponding  to  the  four  visible  segments,  and  a  small 
anterior  chamber  can  be  recognised;  the  last  represents  the 
chamber  of  the  first  abtlominal  segment.  The  chambere  are 
not  separated  by  septa,  but  each  has  a  pair  of  do»,.lateral 
ostia  situated  at  its  posterior  end  where  the  alar  muscles  of  the 
pencardium  arise.  The  walls  of  the  heart  are  composed  of  large 
cells.  The  pencardium  contains  fat-cells  and  tracheae,  and  its 
Hoor  IS  composed  of  large  cells  of  a  special  nature.  The  alar 
muscles  run  laterally  in  the  H.H.r  of  the  pericardium  to  the  sides 
of  the  dorsal  plates  where  they  are  inserteil.  The  anterior  end 
of  the  heart  is  continued  as  a  narrow  tube  (fig.  13,  d.a.)  along 
the  dorsal  si<le  of  the  ventrieulus,  where  it  terminates  in  a  mass 
of  cells  (l.g.)  which  are  usually  considered  to  be  of  a  hnnphatic 
nature. 


The  Reproductive  System. 
The  two  sexes  are  slightly  different  in  size,  the  females  being 
larger  than  the  males;  the  sexual  dimorphism  of  the  width  of 
the  frontal  region  of  the  head  has  alreiuiy  been  noticed.  There 
<loes  not  appear  to  be  any  great  di.sparity  in  the  numerical  pro- 
portions of  the  sexes;  near  breeding-places  there  is  naturally 
a  preponderance  of  females,  but  in  h<,uses  the  sexes  are  approxi- 
mately equal  in  number.  In  this  respect  they  differ  from  the 
lesser  house-fiy  Fannia  canioularis. 

The  female  rejiroductive  organs. 

The  generative  organs  of  the  female  consist  of  ovaries,  spenna- 
thecae  or  vesiculae  seminales,  accessory  glands  and  their  ducts. 

The  Ovaries,  when  containing  mature  ova,  occupy  the  greater 
pirt  of  the  abdominal  cavity  (fig.  20,  ov.).  They  lie  ventnd  to 
the  gut,  occupying  the  whole  of  the  ventral  and  lateral  regions 
the  gut  resting  on  the  V-shaped  hollow  between  them.  Each 
ovary  contains  about  seventy  ovarioles,  in  each  of  which  ova  in 
various  stages  of  development  can  be  seen.  The  two  short  thin- 
walled  oviducts  (ov.d.)  unite  on  the  ventral  side  of  the  ab<i,)men 
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to  form  the  coinmim  oviduct  (cnH\     Tk 

rest,   rotmct„l    int.,     he   Iw  ,     "^IP""""'"  '«  "'  «  "tate  „f 

the  -ctnn.  (rect,.     L.  hZ^Z^':<^'^>  -"""   - 

Niightly  to  (onn  a  siiccului. 


aag.. 


ova.   <^_^\j' 

""^•J.  Acceseory  gland  n  r  ,.   » 

'P.  SpemaJhecae  or  vesiculae  seminSn  '*''°"'  '"°'«^'<'«  >"  'he  o«>SLr. 

JS^oS'it;^ttS".:!r;r"™-«^"'-)-  ^^^ 

behind  the  sub-anal  plate  °"P"'"°^  immediately 

nuJS;  trrr  i^^'jL'^r^r^"'"- »-  '^-  '■ 

Each  consists  of  „  s.na,,  black,  ovifriL™'  ™  '"^  "«"' 
•■>wer  half  of  which  is  sun^-undej  bT;  f  "w"  "'"'"''■  '"^ 
continuous  with  the  cellular  wnll  of  t7  ,  '"""="''»'"  "ivestment 
the  appea^nce  of  an  «c::l^;: :'  .IJ^J''  %{  ^  ^  having 
spermathecae  are  line<l   by  a  thin  „^v  •       "  '*"'='"  "''  '^e 

with  the  chitinous  capsule'  and  ti;  ":v:;;'r  r"""""^ 

of  the  sacculus  on  the  dorsal  side.  posterior  end 

H.  H.-P. 
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There  in  n  single  pair  „f  acce„ory  gland,  <aca'>  whi  .k 
fairly  long,  and  on  nearing  the  va<rin7tCT       ^^'^  "^ 

glands   a,.   clos..|y   united    with    the    fltt^    n  Tl7 

"-te  the  adhesive  fluid  which  ...^r"^,^  !£  ^ 

-cad. 


-Kg 


i"^n:Mertre;rL^ir  Brd't^  ^^  *-  '^^  -^'-'«' 

7%e  ovipositor  (fig.  22). 
The   terminal  abdominal  seeinents  of  thM  f^™  i 

ng  reduced  to  form  blender  ch,ti„ou.s  r,Kls.      When  extended  it 
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♦■q""!"  tht.  ab,!.,,,,™  in  i^^nirth     n  ■  '" 


/  ^- 


o  A 


V*  ' 


-^v/irf 


as  anus  is  ,|tual«|  between  11,    ,       ,  "■»■■  The  ,„r„„a|  p^te 

i"  the  interi,,,.  „{T  .°  "''"' ''™-'"  ""«-'«. 

'."b<-'"=l..s  a,.,  visible,  (ortr       ■'■'"''''''''"'>• ''•^■'-■'•ina 

W  o„  th.  do,.,,  .id,  „,  ,,^  ^-fj"  «  A-ha^,d  sclent,  (vi,  ,,) 
gmcnt.     The  ventral  arch  of  this 
4—2 


ii 
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«Km..n    ■»  „.d„e„l  t..  ,,  ,len,l..r  chitin..n»  nrf  (vi,  ..)  in  the  >„id- 
v..n  ml  l,„e     The  cio«.l  arch  ,.f  th.-  «.v..„th  «.gm.nt  is  n.,.r.«.nt...l 
by  tw„  »liBhtly-curv..d  Ht-lfrit™  (vii,  rf.)  with  th.-ir  cMc'.ve  (,.«.» 
"pp.«iti.;  the  ventnil  arch  (vii,  v.)  it  Biiniliir  f.  that  .,C  the  sixth 
".■Kment.     At  the  junction  ,.r  the  p.,»teri.,r  ends  of  the  sixth  and 
seventh  s..gnients  with  the  inter-seginental  menibnin.s  «Hcc.....iinK 
then,  there  »K  sevend  «,.t<«.  tubercles  aminged  in..re  „r  less  in 
I-iirs  hut  they  vary  in  development  in  different  individuals.     The 
dorsal  areh  of  the  eighth   s..g'»-'nt  consists  of  two  ,«r.dlel  ami 
slender  sclerites  (viii, ,/.),  not  so  narn.w  as  those  of  the  two  pre- 
c«ling  s<.K,nent».    A  p,.ir  of  slender  sclerites  (viii,  „.)  also  represents 
the  ventral  arch.     The  terminal  anal  segment,  which  I  conside,- 
represimts   the    n^duced    ninth   segment,   has   a   dors,d  chitin.ais 
sclente,  the  sub-anal  plate  (™.p.)  which  is  triangular  in  shape  and 
a  ventral  sub-anal  plate  of  the  same  shape.     The  female  genital 
aperture  is  situat«l  at  the  anterior  end  of  the  latter  plate,  between 
the  eighth  and  anal  (ninth)  segments,     A  pair  of  terminal  setose 
tubercles  is  sitnatwl  laterally  at  the  apt'X  of  the  anal  s,.gment 


The  male  reproductive  oryuns. 
The  male  reproductive  organs  (fig.  23)  aiv  situated  ventral  to 
the  alimentiiry  canal,  and  lie  within  the  fifth  abdominal  segment 
They  consist  of  a  pair  of  testes,  vasa  defenntia,  ejaculatory  duct 
and  sac,  and  the  terminal  penis.  There  an-  no  accessory  genital 
glands  in  the  male. 

The  Te>tea(te.)  are  a  pair  of  brown  pyriform  b,xlies,  with  their 
long  axes  placed  transversely,  and  their  pointed  ends  facing  In 
young  males  they  have  a  bright  re.1  appearance.  They  are  c.veral 
with  a  follicular  investment  of  cells,  which  varies  in  thickness 
apparently  according  to  age.  The  thin  brown  chitinous  capsules 
contain  the  developing  spermatoaM.  The  pointed  end  of  each 
testis  IS  continued  as  a  fine  vas  deferens  (v.d.)  which  meets  that  of 
the  other  testis  in  the  median  line,  where  they  open  into  the 
common  ejaculatory  duct  (d.e.).  This  runs  forwards  for  a  short 
distance,  and  then  bends  to  the  left  ventrally,  and,  after  several 
convolutions  on  the  left  ventral  side  of  the  abdomen,  the  duct 
narrows  considerably,  forming  a  narrow  ejaculatory  duct.     This 
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^".«....;i:^::::;';~~';':!;:r:::;;r:: 


d».--if^ 


m^ 


?V(e  male  goiiapophi/^es 
.«>Win.  a.  .he  .^..„en  ...  .he  j^t  S  .Trte^l: 


a* 
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".•K.n,.nt    the  ..i^hth,  KummmlinK  th..  ,„„„  „.„  I..  s....n     tk 


villi/ 


VII  rf. 


Vl.v- 


-Vcr 


-^z- 


"""•"         p./.  Primary  forceps.  ""*""«•  ff".  Aperture  of  p.„lto| 


atrium. 


Male  ooNApnpHVNKN  -- 

"C"-  .h..  v..n,„.l  „ ,      ."'''"  ;.'''■'-'«,'»-  -t-n,li„« 

-K"..'nt(v.i,rf;,i.,„,,,,;    *„,/••".'••-''  I''"'-'  "f  th..  «.v..,„h 
"hich.nn  th..  ,|„«.r»i,      i    T  •,  '"^^""r"""  "•  "  ""rmw  HoHt,.. 

'■'!«.■  i-  int..,„„l  V.   I     .     .7:""'  "f'™-'"  '^"■' ''■'/'•';  ">••  v-ntml 
Th..  v..„tn,l  .„.,  ■,  ,  ,  ,1,,,''    ;   '","■  'V"""''''  ""■  """^  ^■'•■"'■ol  l'l"t.-. 

"'•".  KMl.'  ns,„t»„l  a  l».ir  „f  .;,irv..,|  ,..,.|,,.i,,.s 


VII  d 


VII  -!  S^' 

vi.asp o' 


VIII  d 


'■',Ki,i:3S,:.";-,tsr,'.r-"'- •'"•■'■'-  

... .,. ». ,«, ..,, .,  „.;„  ^,_^^^  _^_^_  ^_ ^  ^^ 

with  the  ,|,„^,l  „^.h  „,.,h,.  ,.:?,"/;'  "•'."■;•  !»■"'«  ('=pe.).  Ha,l 

Th..„.  inner  e.lg™  ar,-  e  ,^1  -.'f ,,':'""""'  '"■>^'""  '^-'  <')• 

line.     The  d.™.!  a^h  „      h  '  2  "    T'"  T  ""^  ""'l-™tml 

(viii.  rf.)  forms  the  a,.ex  ,  f   he  aM        ""      '"'  "'"'"■"'""'  "■»"»■•" 

o-nve,  aclerite,  ,lee^  i     ,!  :^  r::„t^  'T''  '"."  »'™«'^ 

the  verticaUlit-like  anus, fiK.25",,irTh  /  ',"  """  '"^'^'"" 

»..g.nent  i,  cn.plete.l  by  atl       ,         ^he  vnt^l  p„,ti„„  ,,f  the 

F  "J      Ijair  „f  convex  sclerites  (fig.  26,  viii,  v.) 
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Which  are  united  in  the  n.i.l-ventral  line,  fonninj;  the  ventml  beHer 
"(the  anal  membmne  and  the  .loml  mde  ,.f  the  ..ntnmce  to  th.- 
genital  atnuni. 

^.v.^l'h"'"  "''!""■'  "''  ""'  P""'"'"''  "'«""•'"»  "•^'^"P'  'ho  sixth  an.l 
Bovuntn  are  settwo. 

'e^^rih'Th*'^"^*  '"'"T"""'  "•■  ""■  ^"P"'"''""  "'the  house-Hv 
.  ppears  t„  ^ave  ...sed  the  narrow ..1  ....h  „f  the  sixth  .eKn.em 

.what  IS  very  ,,r„l„d,le,  he  n,aj-  have  n.i.staken  it  for  the  fifth 
.10,^1  arch,  as  he  terms  the  seventh  d.,n«l  a,^h  the  sixth    and 


,VI]|,v 


VllK- 


,Vlild. 


-ape. 


leavinn  the  lateral  portions  attached  in    h.lLj!.  .u       '"'"  '**^"  removed, 
ventral  a,.h  o,  .he  Tenth  se'^ttlvlT.  I-T.  tU'i ^S'af!n"'^irj';:'  """  '"' 

describes  what  1  have  called  the  ventral  a,.h  of  the  seventh  ■„ 
the  dom    arch  of  that  segment.     Th stake  in  non.enc"  tun 

po.t,on  of  the  abdo„„.n  as  consisting  of  tour  segn.ents  instead  of 
five   .n  wh,ch  case  the  narr,.w  do,^d  a„;h  of  the  sixth  se^en 
would  naturally  be  taken  for  that  of  the  fifth-  *^ 

The  Penis  ,fig».  26.  27)  lies  internally  on  the  ventral  .ide  of 

«Ku,.«  »hioh"hi:'rc:;;s7e';x™'"n':tt"""""'^ '-  '"^ '"'"'-«°"  o'  '■'• 


I 


«'<  th..  seventh  se^nnent,  the  secn.larv  tnR,.,«      The  t^.nis^l 
<^.n«sts  ,.  „  h,„.„w  e,.in.h.ie,..  t,...e,  the  the!:;  wE^^^^^r 


^sap. 


^5:-^i^^ 


r"/*.  Inferior  aponlivsis  tk  >,   Ti,„„      * 

.  "s  "t   ,1  |Mii    „t   small  chituiiius   nodules   V  cornettr     f 
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CHAPTER  IV 

THE  IXTER.VAL  STIUICTURE  OF  THE  HPm  .v,^  „ 
th,.  cephalic  c-.usnl,.  h,       '"^V^"-    /'  '■''  "ttaehed  t„  thr  «all  „i 

»"ppiy  ..f  the  p£  t-e,t^:;^':T"!:"^'"^""'^'='- 

"■tract  the  siic  after  i,  h.    .    "''""^•""'^^'  **  'hey  have  serv«|  to 

the   imago    b^    fo  der  '  ""'  *"  """'  ""-  '■'''"'"'"  "f 

k',  out  in  older  specimens  it  becomes  less      Tl„.   „.„n 

"I   the  ptiiimnii  are  muscular  an.l  Hne.l   bv!    .h V  ^ 

cmered  with  small  broad  spines.  ^  ""'"■'  "'""'' 

The  MuscuLATi.BE  of  the  Proboscis 

^.."-^;:w-'r:f;izr'""*^'^^ ~"^">". ^- 

1  he  /Hfaiors  0/  Me  Pha>y,^  (Figs.  :j,  28  rf o*  )     Tl,l 
.m.sc^s  occupies  th,.   interior  of  ,h^  fulenm7  t.h         ''","'  ■" 
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The    Retractors   „f  ih,    *>„/„ 

-■:'"'  into  th..  ,»stJ.,;  :,;,^  7f:■:'V":■«'™'-'"''-■"■- 
'-•ontmcti„„  causes  th..  ,.„t„ti»„  of  r'  .  ,  ''"'"■"'"•    Their 

'' ---K'' -he  n.t..tion:;t:tr^"'"'  ••'•''''■•■>'- '- 

'^nv  Jietractors  of  fl,^  u      ,  ,, 

"-r  --.in  „„  th..  ,iii,f:r"""'  "■■'•'■  '^''"-  '■"-'-  '>-••■ 

'""g  ""'I  narrow,  a,„l  r,„,  j    , '  „   '^'.'"^  'Z  "'^'  '-'P'"-     Th..v  ar,. 

'''-"--^■-.in,t,,th,.:::;:;,;::s:!-i;--> -iva.. 


sa/tf   r/j 


I 


dphX. 


The    «<,<„,,,„,,  „^.  ,,^^ 

'""  "r  ""'^"n  at  ,h,.  s,.h.s  „f  th,.  .k'  ii  t'l  f    ^""-^  '""■■  '"■  ■■"-l™ 

'Iraw  in  th..  rostrum.  ""-■  P'"'"*'"  '''..se  mn^\L 

The  kst  t,v„  ,„irs  of  „„„,|,., 
"•traction  „f  the  ,vhol,.  pr, ..-is  '      *''        ''  "*'"'    '"   "•,. 


r,i, 


«(l 


ha„»t,.||,„„  „„  to  the  iintfrior  tkc,. 


('I/J.l  Mild   MTV,.    t„  fli-x    th 

havJ ,.  ':";t.l;  '"":"'-''''";"■"-  '^"-  i'--  --''■« 

ph„n„.v.  ""°    ""•    '"■'"'™"    '■»')    '"'    'h..    Ial,n„„.epi. 

^H..^;;;is:rIl:^:;::^;:::^ '■*:'''^^'- --' --™'' 
t-  Ri-  assist  in  :;''';r''''T"' ''"'''''■ '^■'"-""'s 

-Hvan.  ,,„et  ..hieh t;  t  hri™';';!:-"-* ""  ""•  ^»■"■"- 

linsnal  olivary  j;lan,k  '      ""'   "™''""""   "^  ">« 

Th..nmsclos„f,hohaust,.||,„„,m.: 
th.-n-  „riKin  on  th,.'  ,,.„.;:      f;.,    ^  I-- <>'  "-el™  having 

\Vh,.„   ,h,.   ,„„»eles  contract   th,.   lat,.,-al   n2Z    .Vh       ""'■ 

:;;t:::;r:i:!nh'";h''™'^"';-^-'^'^-^^^^^ 
-•-.■...nc.r:;i;:;s::;,:;;;:;r-'-'"'--«'- 

thoea,  and  arc  L.:;  ;,  "  ::^^':;;  ,:  ;•  7^7  f^-t  "f  the 

«">1<  t'V...h,.r  with  the  .cfac,     If     ,r  ■'■'""■    ^'^'y 

causing  the  div,.,.tr™cc  oh  "^'-ca,  th.Mr  contract 

h  i"i  i">iij;cncc  of  the  discal  se  onfos  -mi.I  tk  . 
'  VninK  of  the  oral  pi,  '  '""'  ""  e™*')""!, 


ORAL  LOBES 


01 


form  a  «.ri.s  „f  i  '      ^-''''-'''''-epiphan,,,.  (Hg.  oy.  ,/,y  ,      .j.,,,,^,, 

t'™rwaii„,,r  .tr,,;;'"''r'"'''''''''' '"  ""■  """■'■■■■■■  -'"  >- 


rui.  29.     TraiisverHe  section  tlii-mnrli  h,     t 


inti.) 


.'U.  »il„,™  „,„«le.  of  .he  l»bru,„..pip,,„,.„,. 


''■■  TnicJieii.     OtI] 


lier  letttriiiK 


i 


The  Oral  Lohes. 
Th.'   fxternal    stnicturo   ,i''  the   m-.l   I  1.       u 

jriven.  mfUllilgJ     will    lliiw    bl.. 

The  «.tiBermis  c-uticiv  and  the  p8,„.|„.t,.,ch,..„.  H 
'lerm.s  „f  cubical  cells  («,,  30  /,„  f    «         '^'";^'     "'  ""  ■'  'W,- 

bristles (,.,,), .nhe  ,ti,„.,  ,,„,;:';:  .  •;' ,  '"7"  ■■■■"■k-'I  -.-..-y 

the  whole  length  of  the  seta.     Th      ;h  / 'n.^ ':""''  '•^"""'K ''"- 

Hve  or  si,  cell.      These  ,„as.ses  ^^l^^T'  ""'"'"'"^'  '"' 
mterior  of  the  oral  |„|„.s       \..  ,h  '^^         ''«"  f^'"'*  "*  the 

>>n..  .i.^ete„  ve„fr:;h..::;;^;-:-7  •;:^^-";.'^.-d 

.■'«».»t  the  fly  i„  te«tinj;  the  natare  of  its  (b^l  Mr        ,     7  '""^ 
prob,«=i«.     On    the   oral    si,|e  of  the     r,^      ,k"   '"''"'«  "^ 

tn.     oial   lobe«   the   lllpph-like 
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gustatory  papillae  (figs.  3,  30,  g.p.)  have  already  been  described. 
The  aperture  at  the  end  i.f  the  papilla  leads  into  a  fine  duct,  which 
ends  in  a  pyriform  sensory  bulb  {>.g.p.).  The  tracheae  (tr.)  can 
be  .seen  running  through  the  cells,  some  of  which  contain  several 
nuclei,  and  from  their  appearance  are  probably  derived  from  the 
fiit-b<xly.     No  tracheal  sacs  could  be  ti.und  either  in  the  oral  lobe.s 


Flo.  30.  Pnition  of  a  tmnaveriw  aection  of  the  oinl  lobes,  showitlK  the  two  tvnes  of 
Kustatorj' wen«e  orRan,  etc. 

../.».  Gustatory  seta.  ,.;,.  Oustatoiy  papilla.  Iiii.  Hyponermis  under  which 

lies  a  piKniented  layer.  p.:  Pseudo-trachea  in  section.  «  ,/  u    Sensory 

hulb  of  «ustatory  papilla.       «.p.  Sensory  Imlb  of  BUstatory  .seta.        tr.  Trachea. 

or  lit  their  b.xses,  but  the  aunidar  tracheae  are  cuntmuous  with 
those  ..f  the  proboscis.  The  haemocnel  .if  the  oral  lobes  ia  well 
develofRil.  Thi.s  supports  the  view  set  toith  by  Kraepelin,  and 
with  which  I  tijriee,  that  the  inflation  of  the  oral  lobes  ia  due  to  the 
bl.K«l.  I  consider  that  the  e.xtension  of  the  prolmseis  is  due  to  the 
iiitliitioii  ,,f  the  tracheal  sacs  of  the  head.     The  prohiscis  havin>r 


LABIAL  SALIVARY  OLANDN  gg 

be™  ,™„,.,e,l  the  oml  lobe,  ..,,.  the.,  .liverge,!  by  the  contmcti.,.. 
«l  the  etn.etor  .....sclen  ,.C  the  Imca  and  ,iisc..l  sclerite«,  ,...,1  (lis. 
I.e„.h.,l  by  the  .nn,.sh  „f  hl.K.1  which  kee,«  the.,,  t..rKi,l. 

Ih^  Uhal  Salivary  Gla„da (Hff,.  3,  31,  /6.,/.).     Then..  8„liva,v 
gan.  -.  he  ...  the  h«,..stellu...  at  the  b,u«,  „f  the  ,.ral  l,.b...s      tZ 

be.  „t  gla,„l  eelLs  s„.„ewhat  t.-iar.K„!a.-  in  sha,«..     Each  jjla.,,1  e,.ll 


hv- 


is  40^  i„  .ize,  and  p„sse.sse»  a  large  nucleus  (12^),  ,i,„|  j,,,,,,,,.,  ,„ 
this  a  p,.n„anent  eircuhu-  vacuole  ,™o.)  which  is  !(,>  in  si.e  and 
IS  l",e,l  l,y  a  thm  chiti.,ous  intima.  The  duct  nf  each  .dand  cell 
"ix.ns  ,n,,,  the  sid,.  of  th..  vacuole  ,orf.).      The  ducts  (ic.rf  )  an- 

int,-acellula,-,  and  run  from  the  ce.,tre  of  the  gland,  s „f  then, 

.mit,.,g  to  torn,  a  nu.nber  of  fin.,  ducts  on  th..  venfal  si,l,.s  of  the 
-hscal  scl.-,-,tes,  which  unit,.  an,l  open  into  the  oral  ,,it,  by  a  ua.ii  ,„ 
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pair  of  pojvH.     Kmepelin,  in  hi,  description  of  the  prob,«ci»  of  th.. 
h  r„i  '•  'Tf  ""' '"'"'"  'f'™''  ""''  '•>«-  "uetMbut  n  .t    h  ' 

!:SK  ^M.  ns  "rrt  "^'"^  --^ '-  ''^ -■ 
.«.-%  he  t^eea  rte:  of^:-::'-  r-^il-ot 

Snnt    „9U,  fiK„„.  „hat  he  ell,  the  "..liva^  gZ  loft 'Z; 

"    '-r^-^  "-"«■«•-  to  it,  structure  or  relati,   n  hi    ,  t   ^ 

-■le  proboscis  of  the  Ucw-lh.  '    '        " 

The  .ippearance  of  the" labial  wlivarv  irlaml^  of  \f  ,1        .■ 
ea  1,  to  ™ind  the  n.axi!l,„,  «,«„,.  „,  Z  ant'^  itZ^! 
wh.c      Janet   has  ,  e«,„be,l  and  figu...d.     The  s^reZn     /the 
lab  a   «.l,va,7  glands  serves,  I  believe,  to  keep  the  surface  li  Z 
oml  lobes  moist.  ■"•■"u-i  m  Me 


CHAPTER   V 

™'  "-'-  A.V.  H,oxo,„cs  OK  an:  hoo.sk-km- 

i>;.t«i ....  „„,, ,.,  ,.,^  owVl: :  i  ;r:r'";. '''"'» '-^  -  -p- 

:"  y™-  i',u  1,^  ,h„,„  ,„  „„h  ,^T^  '•■"'■;'"'■■■«  ov.r « „,„„b.„ 

'"  pirticula.-,  hmc.  .st,„li,.,|  th  "  ■^"'""  '""'  """"■r  wh„ 

<  u.iipii-wl   with   fh,.  .>.(, 

h^'  .....St  ab,m,la„,.     N.venhW  C  ,"  '''""'"'■~'  '^  ^y  far 

''"•-  .....y  b..  ,b„„.|,  ,,,  whe,^^J  th!t  "'  ""''  '■""'"•''  '""io.. 

'"  «•«""  p''.c. eh  a.  th7k"h  ;':?';■■'■  "■''  '^^  """-■  """>"'•»..-. 

'"■  '"'""'  '■>  th.  „thc.r  r.„„„s  o.    h      """^"'""^  -'"  -c«.si„nally 
Pr"p..rti„n8  .s,.,„eti,„es  vary  bv  th  •  in.'"*"'  "'""""^  '«'"«••<  th[ 

;:•  the  total,  the  rest  bl;  e  X;?'""';"'  '"'"■"  '"  P^^  -„t. 
"■«•  ^»M««^,„  „,rf,„„„  ,*;;,,,„;'■  "'"«;"''"•"  toj^ether  with  a 
"'"^-  ."■  i>/.  rfo™«rtc„.  ''"^■"'  ^^""'  ""  »""-«  ,r,an,„.e  with 

>.-ere  tlio  only  ruoms 
"•  H.-P. 

a 


ee 
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i"  .2;  ^S"^^'f  H'T '™ ""^  ^^""""" "«  - •• 


I'lHce 
BeKtauruiit.  M«iiche»ltr 

Kitchen,  (letocliiMl  mitiurltan 
houw  (kIx  iworiU),  I,ai,. 
CHMliirc 

Kitchen,  iletiicheil  »uhiirhiin 
houw  in  Mnnchester 

Htablc,  suburban  hou«e 

Bedroom,  »uburb«n  liou«c 


.1/.  <h. 

wrutiat 
tH«9 


y.  rmit. 
U 


«N'2 
1 


an 


.1.1 


Other  Mpeciett 
ffirifephtl,!} 

II 


14  (la  S,  mlrilniUM) 


Out  of  ,1  total  o(  38.i(i  Oil's  muirht  I,.  ,i:»- 

.Lilian,  but  ..„.  rc.p„..sontativ.     ,    ,h            '■«"'"" '"'■  "-■|».nitiv,.|y 
"bservH,  of  th.  U^T:;^.         """"«'■  "'""^■'"'■-  "'  '  " 

w.^";:;rt:^i:::S'o;^r;^.:';r;r'H''' ; 

ri!ri:t::-ti''ofr^^-"«'-'^- 

that  .no.  than  n.n.-tenths  of  ^    H  ::™  h,^!  'IT.'  '"'""I 

fn  on.  ,ot  of  sU  ir';.5:t  If  r""  ^^^-  •"""■'■ 

in  .similar  position.,    17   n,.,.      'T  T      ^    '*''''''^   '"'•■•«"' 

'  p^^  cent.  I.,  a  ^  J^.^r  a:;:i„::;tr't:::  ,t" 

■n    anothor   situation    in    fo,.   Hy   Lalloo  s     V^     ^t":' 
F.  ciimculana,     5   a-r  cent    «-..r,.   /^    ^   -t  .'^  "'"' 

2  P-r  cent.  w..  .,/.  1^::^  " „S  ,^ ^''^S  T"' •  "'•"^'•^• 
.xeel,.„t  .iiag™.  i„„st„ain«  th.  ^Z^  ;  ^Z'  ^T  "" 
pnncpal  genera  of  flies  caught  in  houses  *"   "" 

N.ven   fo„n.l   that  out  of  8553  flies  caught  in  .ix  .iirteren, 
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i  wvri'  /' 


CHIII- 


colons  Hn,l  «4  w,„.  „th,,  .^.j;;;  '''^  rf"'"""-".  29«  . 

M.  *-„,„.,„  .2;;:;';7 ::::  ';;r  ■;"  ^■""'■'•"""  '••■  ^^-^o^  hI;:; 

;-'f:';.:;r'iS-r;;;;r;'''^r'--- ' 

"-"^- ''''""-"-'";"t:.;;;:i;::;- .-" 

As  ,1  ^,,.,„.r„|  ,.„,,.  ii^ 

"•■;"'  "f  .M...K.,,,  M„.yar.       ;,/',  *""^'I-;""'   ^-rrh   A ric«, 

--"  Oc,,,,,,,.  „  K,,I,,,.;;."%;;  ■^;:""'  A.nea  .h.,v  ,.,.,.  al,„,„,.,,„ 

••"■^'"'■'"  ""'■"'« ■  ......xri^Hr' """"■•'■"  "■'^- - 

not  c„„e.„„.,|  ,,.„.  „i„  "  :  .;,  ;^'  :,.''-""'S  Pi^-s.  W.  a.. 
street  ca^,  t,,„„»  „,-  .st..a,„l„  ,  h"'  '  "T  "'  "''"■'  '"  ^■''"='"0 
'"•-"port...!  hv  th...  „K  n'  t ,;        ,  '     t"  ""■>■  '"•'■  '"*■  >"  iH' 

^•1-  .n.ti,.„-i  ,,„  a,.,,,;: .  ^iL::'::  ■  ^"T""?  "'■"*™'"""- 

'""l>T  .mtural  c„„,li,i„,„.  ""  '"■   '"™  '"  'I"  Hi-s  tmv,.| 

■■ ■ «""-"'. "«4"r;':w-;t: 
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THE    HABITS   AND    HIOXOMICS   OF   THE    HOUSE-FLY 


timnd  in  la*»o  numbers  out-<>f-( loirs  but  when  it  becomfs  cloudy, 
nr  should  it  min,  they  ivtirc  iiid^Mirs. 

In  August  1906,  Dr  M.  B.  Arnold  (st-o  Niven,  1907)  carried  out 
some  exiict  experinn-ntsat  the  Monwill  Fever  HoHpital,  Manchester, 
on  the  distance  tnivelied  by  Hies.  Three  hunch-ed  flies  were  captured 
alive  and  marked  with  a  spot  of  white  enamel  on  the  back  of  the 
thorax.  These  marked  flies  were  then  liberated  in  fine  weather. 
Out  of  the  800  five  were  recovered  in  fly  traps  at  distances  varying 
from  SO  to  190  yards  from  the  place  of  liberation  an<l  all  the 
recoveries  were  within  five  days.  The  maxinnmi  distance  of  190 
vaiiis  was  determined  by  the  limitations  of  the  hospital  grounds 
and  did  not  indicate  the  possible  limit  of  flight. 

In  the  sunnner  of  1907  when  visiting  the  Channel  Islands 
I  found  M.  domestic^  from  1^  to  2  miles  from  any  house  or  any 
likely  breeding  place  so  far  as  I  was  able  to  discover.  The  fact 
that  the  house-fly  is  able  to  fly  at  a  considerable  height  above 
ground  is  indicated  by  the  fact  that  I  have  frequently  found  them 
flying  at  an  altitude  of  80  feet  above  tht'  groun<i.  Flight  at  so 
great  a  height  conjoined  with  a  steady  win<I  would  enable  them  to 
cover  a  considerable  flistance. 

Howard  (1911)  recoi-ds  an  experiment  of  J.  S.  Hine  who  caught 
350  flies  and  marked  them  with  gold  enamel  before  liberation. 
Flies  so  uiarked  were  oKserved  about  dwellings  from  20  to  40  nxls 
(000  to  1200  yai-ds)  from  the  point  of  liberation  up  to  the  third 
day.  Hine  sttites;  "It  appears  most  likely  that  the  distance  flies 
may  tnivel  to  reach  dwellings  is  controlled  by  circumstances. 
Almost  any  reasiaiable  distance  may  be  covered  by  a  fly  under 
compulsion  to  reach  foml  or  shelter.  WKen  these  are  close  at  hand 
the  inseft  is  not  compelled  to  go  far  and,  consecjuently,  does  not  do 
so."  TKj  experiments  which  I  am  about  to  mention,  however, 
show  that  flies  will  tnvvel  a  considenible  distance  even  where 
houses  occur.  The  same  author  als<>  states  that  Prof.  S.  A.  Forbes 
hafl  experiments  carried  out  in  which  it  was  shown  that  marked 
flies  sprea<i  naturally  for  at  least  a  quarter  of  a  mile. 

An  interesting  and  valuable  series  of  experimi  ats  on  the  range 
of  flight  of  flies  under  niral  conditions  was  carried  ^'t  by  Copeman, 
Howlett  and  Merriman  (1911),  an  opportunity  being  afforded  by 
Jin  unusual  plague  of  house-flies  in  the  neighbourhoml  of  a  small 
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village,  Postwick  in   N„rf,.lk,  whcr..  th.i  „b«..vation»  w,t..  luadr 
The  w„rk  was  much  haui|*.r.-<l  by  the  nR.t..„>-„l,«icil  cn.litiMns 
which    wore    f„r   the    m.wt    part    iiiitavourable,    the    tei,i|KM'ature 
remaining  l„w  whil,.  rain  .shu-vers  were  tre.,uent  anil  high  winds 
.>tten  prevail..,l.     Th..  flies  w,.,-,-  caught  in  a  net  and  were  marked 
by  being  placed  in  a  paper  bag  cntaining finely  powdere.1  coloured 
chalk  „(  which  that  nf  a  yellow  colour  was  tbun.l  to  giye  the  b,.st 
ivsults.     Describing  th,"  results  of  the  ex|xTini..iits  the  authoi-s 
state:  "  Nevertheless,  on  each  occasion  on  which  several  hundred 
marked  flies  were  liberateil,  a  certain  nuinb,.r  were  subse,|iieiitlv 
recovered,  within  tbrty-eight  hours  or  less,  from  human  habitations 
in  Postwick,  at  points  of  the  cmpiss  which  were  apparently  de- 
pendent, for  the  most  put,  on  the  ilirection  ,>f  th..  prevailing  winil, 
and  at  distjinces  ranging  from  300  yanls  to  1700  yards  from  the 
rehisc  depLsit.     On  one  piirticiilar  occasi.)n  on  wii'ich  chalk  of  a 
bright  cauary  yellow  colour  was  employed  tor  marking  the  flies,  the 
day  being  fine  and  sunny  with  a  gentle  north-west   bri^eze,  the 
results    were   specially  interesting     Of  these    flies  several   were 
observed  and  captured  along  the  stivtch  of  river  bank  between  a 
point  opposite  the  refii.se  heap  and  Postwick  Hall,  within  half  an 
hour  of  their  liberation.     Tw.)  other  marked  flies  were  caught  in  a 
large  op-n-fronted  house  on  the  lawn  of  Postwick  Hall,  a  distance 
ol   (00  yards  in  a  direct  line  from  the  p.int  at  which  they  were  set 
free— one  thirty-five  minutes  and  an,)ther  forty-five  minutes  after 
being  liberated.     Within  the  next  four  days,  more  than  forty  ,.f 
these  yellow-coloured  flies  were  caught,  on  hanging  fly  pip.i^s,  in 
the  kitchen    and   outbuildings  at  Postwick   Hall,   while   isolated 
.sp-cimens  were  al.so  trapp'd   in   various  pirts  of  the  village,  at 
greater  distances  and  at  ilift'erent  piints  of  the  compiss,  from  the 
refuse  depwit  of  the  marked  flies  caught  on  "  tanglefbot "  pip-rs 
and  a  certain  propirtion  probably  were  overlooked,  ..wing  to  the 
tact  that  the  coL.ur  of  the  chalk  s.),.n  gets  cnsiderably  obscured 
by  the  glutin.ius  material  becmiing  spread  .iver  the  b..dies  of  the 
flies  in  their  struggles  t.i  free  themselves." 

In  view  of  the  results  ,.f  the  foregoing  experiments  on  the 
range  of  flight  of  hoii.se-flies  under  rural  eonditi.ms,  it  seemed  to 
me  very  desirable  that  experiments  should  he  carried  ,,ut  under 
city  conditions,  where  s.,  many  fiict..rs  are  present  which  may  affect 
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METHOD  OF   MAKKFNO   FLIES  7, 

fhi-  flies'  ahilitv  anil  dusiiv  to  fmvMl      Tu  o   .. 

infection  an.,  ligation    ri:^^;;^'"'''^'--^  '.'^  '"^  -•-'«<■  "'■ 
i"Kly  in  the  sunnncT  of    <  ".^.         ^ '"    '  ""T""'"     '''•"'"'- 

the  city  of  Ott,.wa  which  1  ,  T      '"■"■"  "'  ^■"P^-""'™'"  *>' 

wh ..lon'rih,  c  ,i';  7 ,"'  "'^'  ^T"'""  "•■  •=•""■' ^«>-.  •■" 

-■"•■■king  the  Hies  '"*''  ""'  '■''"■"™'  '"^■"'-1   "f 

-ns  through  a  It^  T  ^'-^  ''T'  *"  '''"  «'''™"  «-«•.  «hi,-h 
River  whi  h  it   .."h^        h    ;■  r  "^ '"      "  "  '■•''"'""•>■  "'  ">«  0»-- 

™n>...n.,ing  i^ ;;  Vj:  ^  ri;:  t:;i  ^-  --  t... 
r:tl't£= ---^^^^^^^ 

^:nS::^£i^^:^t:f?^^ 

while  in  the  wire  caees  with  !     1   ,        ■"'«^'^'''  .  >'y  ^P^ymg  then, 
.nethyl-anrin  C    H   oV  n  10  ,''""''"'  ""''  <■■'""'"■■'"  '"• 

"f  a  fine  .pmv      Th,^'  n"  h  !l  "7  '^^t '"^'.''"■''  "P"'--'  ^y  — "., 

iigntly  alkaline.     In  these  c-xpennients  the  flies  were  reare,l   ukI 

cages   and    libemted   on    Si       Tt  tS,? r-"'™''' '" ''-■ 
pla^ed  .„  as  many  ,.  „ssih,e  of  the^:!:  Jl^^^:- 
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•listrict  on  both  .sid™  „c  the  ,•!«.,.     -rh,.  ,.., 

in  the  kitchens  of  houses  an    w  .'.       1    '    'T     ""'"  ''''*'"'  '^'''^y 

direction  „fth.  In,,  .t.'  7"  ,  u"'  '"■™  '''""""^  •-'  '>- 
<i-u-  in  -.eter: -i^';;:  ^i;;;  r^;;'  t^-t  the  w,.„,  .,.  ,he  ehief 
<Ih_v.  **        <nr.  ttioM  „t  ,he  (listrihiition  fr,„„  ,i„v  t.. 


EXPEHIMENTS. 

/■lit,  lihrntM  m,  Portrr;  I.l„i„l. 


OM* 


Augi;at  29.  1911 
ALKUSt  30,  1911 
September  1,  1911 


Septembers,  1911 
September  6,  1911 
September  7,  1911 


J   Number  ol      Number  o(   ,  l>i«tu„ce  i„ 

'     liKt^'"    "•'"'^O'T  Pl'^"  of 'ecovery     »'™Wl.t  line 
lioeriitcd         recovered  '    ( (txjm  point  of 

I  I    liberation 


SOOO 
4001) 
1000 


100 
■WO 


}  '547  St  Patticlt  St, 

I  a.!  CobourK  St, 

,      1  106  Cobourx  St 

J  marked  137  CobourR  St. 

aiea  observed  )      St  IVric-li  St. 

'  3S  Ileechwoo<l  Av. 


43 
12 
1 
21 
3 
2 


6 
12 
16 

7 
16 
2 
2 
1 


647  St  Patrick  St 
612  St  Patrick  St 
6H1  St  Patrick  St 
619  St  Patrick  St 
«')  St  Patrick  St' 
•"  i9  St  Patrick  St 
•M3  .St  Patrick  St 
3.5  CoboutK  St. 
19  Cobourjf  St. 
106  Cobourc  St 
SOU  Hideau  St. 
.5.'>  AuKugta  St. 

(Butclier'ssbopi 
4a  Anglesea  Sq. 

(Grocer's  sbon)    i 

3.5.5  Mackay  St. 

.S37  Mackay  St. 

,  3a5  Maekay  St.       '■ 

(Grocer's  shop)   j 

316  Crichton  St.      I 

197  Crichton  .St.     i 

143  CricJiton  St.      I 

134BeechwoodAv.  I 

Stanley  Av,      i 


180  yard.« 
600  yai-da 

5'20  yards 


700  yards 


6(X)  yaid.. 


As  will  Ih-  seen  from  the  .iates  siven  th..s„  •  ^   " 

i-r  «  short  time  onlv  h„vir,„  1      ^ ''"■*''"*  '-"^nments  exten,! 

onl.v,  ha^ng  been  tennmated  by  the  advent  of  a 


DISPERSAL   t;x„ER   VH^^S  COXniTK.Ns  7., 

'*''""'  "''  ^"I'l  wi.athiT  which  chcfkwl  .!,«•■ 
"Hh..  .-,.„«'      fli';;"  ""''"'""»''  •>"■  I«-ibiliti..s  in  ,h,.  wav 


tl-n  is  rcpre.se„u.,i  bv  ,"     3      '  -n™l™a,ly  .nvat.,-  ,|i.,ta„e,. 
t"  the  p.,int  „f  «.pt,„v.  *^  *^'""  *^"  l''*"^^'  "••  literati,,,, 

The  chief  breedins  place,  ..f  h„„.se-Hies  „n  -,   I 

»^- ,.  .he  aceo„pa„,i„,  „,ap  a.  .h!;::  ;::'xt;:;; 


'   )i 
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■fun.;  I  M  1^ th,s  l,..,„jf  ,,,„„t  ,70  yanis  Cr,,,,,  ,h..  i«,|,„i,„  t,,„»  a,„l 
...Hpual.  B.,w....„  th..  ..,,,1  ,„•  Water  .Street  a.„l  Ri.leau  Riv,.,-  «  . 
l.aK..  was  b..,„«  ,,.,„,,„,  ,A),  a  larKe  pn.,,„.ti„n  „f  whi,!,  consist..,! 
t  s  al  |„  „,,,,  ,h„rs..  „„.„,„...).  At  this  place,  which  is  ,,l«,„t  .530 
.v.^"l»  tm>„  th,.  hu.,p,tal,  Hi,.s  were  fonn.l  br..e,hnK  i"  .-..nsi.lerabl.. 
i"..„be,x    At  th,.  f;„,t  „f  St  An.h.ews  .Str..et.  a,li„im„K  the  rive    Z 

.•|  -    270  ya,„s  ,,„„  ,h..  hospital,  about  100  tons  o'ho. „,„  J 

■""1  .•"„,,,,st  ha.l  h..,.n  ,l„,n,«.,|  ,B).  'pher..  -vre  in  a-l.liti,,,, 
"U.uerouH  bree.hnK  plae,.  ajurt  fn.n,  an  nn,..,„ally  .ar^,.  nnn.ber 
"t  nnpr,,t,.ct,..l  heaps  of  hors..  „„„,„„,  in  stabh.  ,ar,ls.  Conse- 
Muently  fl.,.s  >v,.r,.  extrenu.ly  abnn.lant  on  th..  islan.l  «n,i  ,hro„gh- 
.".t  th,.  ,l,st,-,ct.  The  pr...senc..  of  ,.o„ntless  nun.hers  of  Hi..s  i„  ,h,. 
.hstnct  which  were  br..,l  in  th,.s..  natural  br,.,.,linf;  places  n.ad..    he 

ib.'.';,?."  ,?  """■'""  "'■"  '""  "•■  "  "■""  "•■  '^'■•^"«  -l-h  "  - 
libi.rateil  all  the  more  reniarkabl,.. 

The    results  of  thes..   experiments    in.licat,.    in    a    sijnuficant 
manner  the  ,  ,stan,.es  which,  un.ler  cty  c,a„litions,  fli,.s  ,.,■'  ab     " 
travel  fron,  then-  l,,ve.ling  places  or  fron,  a  sou..,,  of  inf,.ction.. 

Feedino  Habits  and  the  Ix-fluence  of  F„od. 

The  tact  that  the  Hy  .ngests  micro-organisms  on  account  of  its 

.n.i..scn„„n„te  (e..,lmg  habits  an.l  that  bacteria  ren.ain  in  a  viab  1,' 

..nchfon  ,n  th,.  alin.entan'  canal  for  a  g,.eater  length  of  tiu.e  fnd 

...  larger  nun.be.,  th,«,  externally  .c.-le..  a  co„.stleration  .'f  the 

<Iu,t      The  maximum  llwht  in  thicklj..hou»..,l  loc.liliea  o(  the  Hiesrlr      IT 
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'i'tilinif  hiil>it»  .,(■  th..  «..  ■  1 

'Ho,li.,iiitK:,  i:r;;;' :-<>'7HKi- v,„.„. 


«ill  h-  full 

"f  ff>vat..r  iM,p.,t,h;,„','r '.'''■"''"'"'''"  '"  ''"■"'""•■"'my  t'l^t 

-•--"r."ntH^:;:;:;:t;;;r':;- ;;;•;,  "'-^ --- 

habits .,,'th  «:*;.. :,:"T"r  '-, "■"''■■^"""''"«  ""•  '■'-''"■« 
-.M,.Ji::,::':S;;;;t^;:'!,rs   

'-1-n.s  th..  Ji'.'fiT  :::::,:„•:'"'■'■" """ ":  '■-■^ -« > 

"t«'.vati„„»  „„   this  s,,Ie           7-'  "">■'■"'■"«'"•  -"'I  a«.,„a.,. 
I9IlA)h,.ha«.iJ,,  ,;    '      ,     /"   ""-^  ""I"™  <"""•    "» ..„! 

'>{  fli,.  ,in..i„,t. ," :;  ;':;7"'' -■  ^'"- «'-"™'  '-i-i • 

I.  .  "       "iiii^  ailM    ot    the   (Iim-srinn    r.*"  th..    f      i  i    i  ■ 

"bservat,,,,.  ft,,,,  „,„«„„  ,h„»..  which*^  l^u         ,       h    T    "     ^" 
«  large  niinibiTi.fii,.i.,    i  "•"!  main  .  nr  alw.  rnaki's 

logical  st„,ii.:: ,'::  x: 'X  "•  ^--'h  n, .,,.„.,. 

c..-eum»tan«.,  i,  ,„...«  n,,t  a„,l  c-.    ,  ,t     k  ,      '    '""''■'■  "■"'''" 

Ni...  (i9n,  in  his  .,j;;Jr::  Si^t '::;';■"  "•■''"■'^ 

"f  the  spaces  between  the  bi.i  ...nntie::':  Si,;;.:: 


w 


.it;' 


"'i  THE    IfAllITS   AND   BloNojIICS  .«■  THI!    ^<)l•Jlli;.^•|.v 

whi<h  k,.,.p  ,^K.„  ,h,.  ,»   ,„|„  truch.al  .•hnnn..|H.     I„  ,h,.  h„u».-flv 

th,.«,.    mlM   »,».c..»,   a»   (Jn.hH,„-.S,„ith    ..ptly    t,.n„t,l    th... 

"""■;";■"  ,"■'""  ■'I'''  '"  ••><« '•  i»  <li«.»e.,.r,  i,„iie«tinK  h,.w  i,„- 

p..»».l,l,.  It  w,>ul,l  1..  ,;„.  ,«,,ic.|..H  „f  tl.«l  t,.  iH.  Hl«,,.l«.,|  with  th,. 
I."«l  11.  th,-  ..,„■„„,    ,„a.inor  ,u„l   ,«us»  ,.lu„j{  th.  |»«.,..l„.tr.ich,.al 
ehan„..|s  ,„  ,h..  ,„„u.h.     Th.  „„|y  ^.ssil.l..  ,„a„.uT  i„  whi.h  -.li.l 
|«..t,d..s  .„K.h  a.s  ,h,.  ..KK,  „,•  ,aiM.«..,r.„s  cmil.l  ^ain  accss  t,,  th.. 
pharynx  w„ul,l  1„.  I,v  ,li,...c.t  ...uiane..  i„t„  th.  >„outh.     In  ..xp^ri- 
....ntniK  with  In,lian  ink  I  ,l,„n,i  that  thrnn^h  th,-  snckinR  aainn 

"(   th,.  ,„ai  l„l„.s  th,.  «.,li,|  partid,..  w.r,.  h,.a|K.,l  up  i„  ,.  s|i„h, 
'■"K^-  in  th,.  chann,.!  l>,.tw,.,.n  th,.  I„1k..,  an.l  ,,.,„ai„,.,|  l„.,w..,.n  th. 
Mk..  whil,.  ,h,.  riy  c.„i„i„u,.,l  ti...,ii„^,.     (i„.ha,n-.Snnth  „b»..m..l 
th,.  »an„.  |„,,c,.»»  in  t,.,.,|i„jj  th..  l,l„w.Hy  with  ,„li,.n  gniins.     It  is 
n..t  -litficlt  t.,  nn,i..,^tan,l  h„w,  wl„.„  ......li,,,,  „„  ,,|i,|  ,;„,,  ^^i.^ 

i«  iHiiiK  h.|Mefi,.,l  ,„.  „„  |i,,„i,|  ,i,,|  e„„taininK  <'nn»U~  ,«rtid,.s, 
sneh  ,.„.t,cl,.s  which  w,.re  n„t  t.,„  !„,■«,.  n,i«ht  '..  s„ck,.,l  up  i,„.. 
th,.  „ml  pit  an,i  int.,  the  i„.,„th.  This  un.l,M|l,t...llv  hap.^.ns  in  th. 
cas.  „t  th..  ah»,apti,a,  .,(  th.  ta|K.w..,ii,  .jrgs.  (Inlinaillv,  however 
th..  .ntrane.  „t  t;,.,.l  int.,  th,.  ..lal  pit  is  pr.v.nt..,!  h'v  th.  pn- 
»t,,inial  t,.,.th  an,l  th,.  cl„s,.  ap,«,siti„n  .,f  th.  inn.r  .Kle.s  .,f  th. 
ciishi.,n-hk,.  „ral  l„l)..s. 

In  "iil.r  t„  fi.,.,1  „„  ,|,.y  siihst^incs  such  as  sugar,  .lri.,1  s  H-cks 
;,  ...Ilk  „r  sput..,i.,  .tc,  th,.  fly  has  fi„t  t,.  Ii,,u.tv  th.  .ubsianc. 
1  his  IS  ac<;,„„p|,sh.,l  t,y  th.  s..c|..ti.,n  .,f  what  I  t.rm«l  th..  linRual 
>.■.  .vary  glamls.  This  is  ,„ur.,i  ,i„wn  th.  labi.im-hvpopharynx 
t.,  h..  ,„.a  pit  an,l  „„  t,.  the  subfile.  .,f  th.  s.,li-l  s.ihstanc.,  li.th 
<li..ctly  a.,,1  thmugh  th.  pseu,l„.trach,.al  channels.  This  pr,K;e„ 
em,  l>.  „Ls.rv..,l  by  inverting  a  fihii  „f  ,lri.,l  „p  sugar  s„h.tion  .In 
a  sl.,1..  .,v.r  a  glass  caps.il.  cntair.ing  a  fly,  th.  p,..,c..s.s  being 
wateh,.,l  thr„..gh  a  Z.iss  bin.K.,.lar  ...icr.,«.„p..  Th,.  s.,li,J  .natter 
.s  s,„,„  |„,„eh.,l  by  th..  rapi,l  suckei-like  ni„v..|n.nts  „f  the  ..ral 
;.bes  .,„„sten..l  by  th.  salivary  ,.creti„n.     F,...,,uentlv  the  lique- 

<--l  when  the  fly  has  f..l  previ.a.sly.  Grahain-Smith  found 
earm.n,.  stains  .n  th.  pr„b„seis  ...arks  „tfli,.s  ,W.,|i„j,  „„  s.n.i-flui,l 
i,i,vt.ria  as  l,„.g  as  22  h„urs  after  they  had  been  M  „„  cannin. 
c-.,l.)..r,.,l  l„.„|,  ...dieting  that  s„i„.  „f  th.  pr.vi.„is  meal  hod  b.en 
apparently  regurgitated,  theieby  agisting  the   olivary  secreti.,n 
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In  Hies  which  haw  m.v.r  i,i-,.vi„,i<l,-  r  .1       u 

tmrhwil  uhannrls  ,„■,.  |,.c,  ,tjjj   ;);<, 

In  th..  a.«-  „r  H,.i,l.  ,h,.  r,.s,ilti;,„ 

Hu-  i»  »uck..,l  up  i„t„  th,-  ,„„|  pi, 

•hn-iigh  th..  p«c.„,l„.tmch..al,han„Hs 

"'"'  ^y  ">'•  '«■(*""   "f  the  i;„w..,f„l 

pharynK..al  pii,„p,  ,h..  ,K.t,„„  „(which 

■nay  Ix.  «...„  wh....  the  H.,.,li„^r  Hv  j, 

"l>w.rv.,lthm,th,.  (,.„„t',i,  i„„„ek.„| 

"P  int.,  th..  "..NophaguHthnai^h  which 

"  "'""  "'^"  'h'^'  ""p.     If  th..  t;«Kl  is 

c,,l..ur...l   with    nignisin  ..r  cannin,. 

thi.filhng„tth..cn,peanh,.  r..,.„lilv 

"hscrvcl.   Th,.»,ightl,e„ncav..,v,.n. 

tial  Hurfiicc  „f  the  ab<i.,„K.n  „f  the 

hungry  fly  rapi,||y  hccaucs  cnvcx 

".the  ..ntericr  n,gi„n  wh..r..  th..  or,,;.  ll..s.     Th,.  H||i„,,  „f  ,u 

tak..H  plac.  v..ry  rapi.lly  i„  th..  cas,.  „f  h-,,,.i.l  tl.        '^      ■        ""•'' 

S'Tge,)  i„  l..„s  than  a  )„inut..  •„  Crl  .T    i    .  '"'""■"""■■'<  "  '" 

'•'-'ling  -ntinucs  the  ZTCi^tn        !     """."'"•"■"''■     '> 

-'^.chn.rL,r-hr::'::L-r' !-:;;;:«;' r 

fu..cti,.n  „f  ,h..  ,... ..         ,      '■  '  ''"'"I"'  ""'•  "'^  th^'  natural 


J.  10.  32.  l>r„lK)ari»  n,i,rk,  „f  „ 
''"""••"■'•'■  »llowe,l  t„  („,!  „,„„ 
"'"'  "'  »w«.tene.l  I„,|i„n  i„|,. 
Rnlur,;e,I. 


■  crop  as  a  (i»Kl  r. 


FckhI 


c.:n  li..  tak..|i  int. 


hand  and  „„.o„e,.  .hro.,.b'.,„  zlf l:"Ta;"„,t'~  '^"'  ™  "■"  ""'^  <"  "" 


IH 


THK    IIAHITN   AMI   IlloNOMlCS  (IK  THK   Hlir.si;.KI,V 


the  en,))  ia|,i,||y.  Til.'  fly  th.-ii  iv,N  in  a  qui,  •  |ila,v.  Tlir 
hIw..i1).,I  Dk.I  now  Ih^kiih  t,.  flow  ihniUHli  llir  proviiitriiMiliis, 
whii'li  a.I»  m  a  |miji|i  ami  valvi^,  iiir,>  thr  viMitiiiMilKs'.  I  havf 
niiM|»iiv.l  fhi,.  t.i  thf  lirWiiiK  nt  th,.  niiiiiiiatinj;  aniiiial.as  the  tr.,|) 
i.f  tin-  rty  ™ll»  l<>  iiiinil  tli.^  stniajfr  M ai'li  ot  ih,-  imniiiaiit. 


tlu  a  ImU,*.,.  mark,  o(  n  Hy  (not  .1/.  ,l„„„-.lim)  „ll„««l  to  ftej  oi,  tillli  of 
Ill.lMll  ink  (.weetenpcl);  ahowinB  the  HlteinalillK  liuht  ami  ,l,ilk  lines  the 
lomiei-  IwhiB  where  the  (ilm  lia«  been  removed  hv  the  |i«,uclo.traiheae.  (ireatly 
enlnrseil,     (I'hotourapheil  by  H.  T.  Oiissow.) 

GnthMiii-Siiiith  tWiind  that  thr  rati'  at  which  t'oiKl  i«i.ss,.H  int.. 
the  int.-xtine  tr„ia  tho  emp  appears  t.i  vaiy,  (l..|H'ii(linj(  I.,  wiino 
oxti-iit  nil  the  iiatiiic  of  the  ti..Kl  ami  the  teiii|)eniture.  If  Hies 
were  kejir  in  an  iiicnliatnr  at  57=  C.  and  ted  on  carmine  gelatine 
imieh  ef  the  CkwI  iii,iy  reach  the  rectal  valve  within  one  hour 
of  feeding.     He  gives  the  following  tables  which  in.lieate  the  rate 

'  Wheeler  (1910)  mentiona  the  fact  that  in  ants  the  proventricuhiH  not  only 
p.is,e»  the  liquid  food  back  from  the  crop  to  the  stomach  but  also  (iU»  the  crop  in 
the  first  place. 


HATE  OK   IMNXAlie  Of   rooli 

"',.",''''■'',""■/■""'    •"'■^'■"'■' '>>'■'•'■■• "I    .IW    |.Ti,«l    ,|U 

«lii.-l,  ,.„|„,„v.|  t;««l  iimy  ivnmin  in  th-  r;,.,,. 

T.Uir.K    SIIOWIX,,    THK    lUTK    AT   WHICH    FOOD    I'ASSK.S   THllol  , 
THK   CHOI'   INTO  THK      nTKSTIVK. 
(ti""i  IliiiliiuiiSiinth.) 


7!t 
ill^; 


Tiriir  aftir       Niiiiilwi'  i,r 

'"■'llllK  lli.'MliwL'tl'.| 

''1  iniiiiitcs 

6  iiiiiiiitf^ 
10  lllilMltO 
I'>  itiiriiitcH 
L'o  Itiiniitt's 


llr.ult-. 


'2  liours 


(•|"|i  full  ,ir  rcl  Muiil,  Inn  i„ini.  (uuiiil  in 

vfiitrKjuluH  or  JiituHtitiL- 
Crup  lull  ,4  „:i  HuW,  Im  n,.,„.  („u,„l  l„ 

»«'iitrii-iilu'*  or  iuu>Htitir 
Crop  lull    ol   r,.,l    tlui.l  ,in.l   „ h,,,,] 

iH-KinniMK  lo  |„„  i,„o  v,.„i,i,.„lu> 
Crop  lull  „|  n.l  rtui.luri.l  i .,  lliir,!  „| 

intfstiiii-  ri'il 
Crop  lull  ol  r...l  Hui.l  aii.j  „p|,.r  ihir.l  ol 

iiiti'stiiu-  rpti 
Crop  lull  ol  „,1  rtuj.l  ,>,„!  „.       ,  ,|,||,|„, 

iiiti-stiuf  rt'd 
Crop  lul    ol  r,.,l  llui,l  ,iM.I  upi.r  loill  ol 

lutes'      .  reil 
Crop  I       ul  reil  HuIiI  iirid  upiar  ihrci' 

IJUHl     rs  ol  iulotine  ivil 


f        II 


TAI.LK   showing  THK   I'EHIOU   Dllllxo   WHIC,     COI,or.,FU 
FOOD  MAY   HKMAIX   IN   THK  CHOI 


Time  after   I  Number  of 
(eedinu       UleiJiasectecl 

24  hours  2 

48  liourH  j            3 

3  dars  3 

4  dAys  3 


(from  OiiiliHtu-Nuiitli.) 

Besulta 


Crop  reil  .ml  disteuilr.l.     lnte«tim.  red 

tliroutfhuut 
Crop  ml  and  distended.     Intestine  twi 
tltrouf,diuut 
i  Crop  red  and  disten.led.    Intestine  ie,l 
I      throughout 

1  Crop  pink  and  distended.     Intestine  led 
throughout 


In  ,„„st  ca.ses  „n  ,li.s«.ctin„  th.'  nop  was  tm„,.l  „,  bo  n.'arl,- 
.-...pty  „n  .h.  ,h,„l  ,|ay  afU't-  Min^,.  alth,,,,,*  ,h,'  int.'stin,.  st   I 

ca,  that  the  cr„p  ,.s  n„t  c,m,,.l.,..lv  t'lnpti,',!  fl„'  ,„a„v  I,,,,,,,  „„| 
n  .s,  >.e  ca.,.«  .„r  riay.s,  fvc,  ,h„„Kh  n„  mrthcr  M  i»  ;,„,.„  This 
tact  has  bt-en  e..„iir,„e,l  in  ,„y  „„„  „b.s..,.vati„ns.     Fli.'s  which  1       . 
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in  th,.  ;  ,-7  "'?"'""y  "  "■gnrgitak.s  its  t;„«|  f,-,„„  the  cn,n 

th.   t,«l    .s  >vg„rg,tuted  to  relieve,  th.  ,li,st.nsi„„."     While  this  i ' 
-ne...v,.bU,  ,t  ,s  n.,t  unlikely  that  the  regurgitation  „    th     t  , 
....    l.e  pr„„,„.,Iv  e„nce™e,l  in  the  digestion,  at  I  have  observe  I 
-  take  place  when  there  ha.1  been  no  unusual  .listens' 7       ^ 


F...-34.    •".rf«»«-«™intl,eactofre«„rKitati„B(o<xl.     x4» 

r*,  J":  z  r""'*":'  "r* ''"  -«"'^""i""  woum  enaMe 

On    m  whlh  I  h«l"''^""  k'"'-'  "^"■"•''"'  ""-^  "^-'  -t'"l'-v". 


tMPORTAXCE   OF   REOURO.TATIN,;    „,„,t 


«i 


^■^■--■="~ss=~s-.-; 


The  mte  „C  ,|i,,,„ti„„  ,,  ehieflv  ,       K '  , 

H.  .,.-p.  """'"■>■  '■""■»    t....ip,.r,.fmv.s  ,hu 
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ciiloured  faeces  pnxiuced  by  feeding  Hies  on  coloured  syrup  are  not 
deposited  until  several  hours  after  the  meal.  Graham-Smith  in 
his  experiments  found  they  were  not  deposited  within  two  hours 
after  feeding.  He  made  a  number  of  interesting  observations  on 
the  rate  of  detaecation  and  the  effect  of  different  kinds  of  food  on 
the  same.  The  yellowish  to  dark  brown  faecal  spots  or  fly  "specks" 
are  well  known.  A  series  of  ten  flies  which  had  been  given  one 
feed  of  milk  pnxiuced  in  a  period  of  22  hours  an  average  of  125 
vomit  spots  and  39  faecal  spots.  A  series  which  were  allowed  to 
feed  on  milk  whenever  they  wished  produced  an  average  of  179 
vomit  spots  and  45  faecal  spots  in  22  hours.  The  average  number 
of  "spots"  both  faecal  and  vomit,  produced  by  the  two  series  in 
22  hours  was  164  and  20'4  respectively.  In  a  further  experiment 
the  average  number  of  spots,  faecal  and  vomit,  which  were  de- 
posited per  fly  in  24  hours  was  307.  Three  series  of  flies  were  fed 
on  syrup,  milk  and  sputum  for  several  days.  Those  fed  on  syrup 
produced  an  average  of  47  deposits  (faecal  and  vomit)  per  fly 
per  day,  those  fed  on  milk  83  and  those  fed  on  sputum  270.  In 
the  latter  case  Graham-Smith  points  out  that  the  faeces  were 
much  more  voluminous  and  liquid  than  usual  and  in  fact  the  flies 
seemed  to  suffer  from  diarrhoea 

The  rate  of  deposition  and  number  of  the  faecal  vomit  spots 
deposited  is  highly  significant  in  connection  with  the  question 
of  the  bacterial  contamination  of  food  and  especial  attention  is 
drawn  to  the  bearing  of  the  abundance  and  character  of  the  spots 
deposited  by  flies  feeding  on  sputum  on  account  of  its  bearing  on 
the  dissemination  of  the  tubercle  bacillus. 

Mention  will  be  made  later  of  the  influence  of  food  on  the 
development  of  the  larvae ;  the  experiments  which  were  carried 
out  showed  that  the  larvae  develop  more  rapidly  in  certain  kinds 
of  food,  such  as  horse  manure,  than  in  others.  It  has  yet  to  be 
discovered  what  are  the  chemical  constituents  which  favour  the 
more  rapid  development.  It  was  found  that  insufficient  food  in 
the  larval  state  retarded  development  and  produced  flies  which 
were  subnormal  in  size.  Bogdanow  (1908),  in  an  interesting 
experiment,  fed  M.  domesticii  through  ten  generations  on  un- 
accustomed food  such  as  meat  and  tenacetum  in  different  propor- 
tions, and  he  found  that  the  resulting  flies  did  not  show  any  change. 
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The  Influence  of  Tempebatube. 
The  iniiuence  of  teinix-rature  on  the  development  of  the  larv,, 
and  on  the  l,fe.hist^,y  will  shortly  be  diseased.     Tempc.mture 
al*  directly  aftects  the  adult  insect;  house-flies  are  „,ost  active  at 
a  high  summer  temperature  ami  their  metabolism  is  eorrespon.i- 
ingly  active.     Cold  prcKiuces  inactivity  and  torpor.    They  are  able 
however,  to  withstand  a  comparatively  low  temperature      Bach- 
nietjew  (1906)  was  able  to  submit   M.  domesiica   to   as    low    a 
temp^.nitun3  as  -  10°  C„  and  vitality  was  retained,  as  they  recovered 
when  brought  into  oitlinary  room  temperature.     Donhofl'  (1H72) 
perfonned  a  nuinbc.r  of  experiments  previous  to  this  with  interesting 
results^     He  submitted  M.  domeHica  for  five  hou,„  to  a  tempi.,,, 
ture  of  -  1-5  C,  and  they  continued  to  move.     Exposed  for  ei^ht 
hours  to  a  tempemture  of  first  -  3°  C.  and  then  -  -  C.  they  moved 
their  legs.     On  being  submitted  for  twelve  houi^  to  a  tempemture 
fii^t  of  -  ^-7  C.  and  then  -6-3"C.  they  appi-ared  to  be  dfad,  but 
on  being  warmed  they  recovereil.     When  exposed  ft.r  three  houi^s 
to  a  temperature  of  -  10°  C.  which  was  then  rai.sed  to  -  6°  C   they 
died.     The.se  experiments  show  that  M.  domestica  is  able  to  with- 
stand a  comparatively  low  degree  of  temprature. 

The  Influence  of  Light  and  Colour  Prefebence. 
The  adult  house-fly  seeks  the   light,  that  i.s,  it  is  positively 
hehotropic,  and  as  Felt  showed,  is  unwilling  to  enter  vCiy  dark 
peaces  to  dep„.„t  its  eggs,  although  in  placing  the  eggs  it  endeavoui. 
to  place  them  as  far  away  from  the  light  as  possible. 

A  series  of  experiments  were  carried  out  by  Galli-Valerio  (1910) 
with  a  view  t..  ascertaining  whether  flies  had  preferences  Ibr  certain 
colours.  Files  were  placed  in  a  cubical  glass-sided  box  measuring 
35  cm.  each  way.  On  the  sides  of  the  box  pieces  of  coloured  paper 
of  equal  size  were  pasted.  The  flies  resting  on  the  different  colours 
were  then  counted,  the  cage  being  turned  in  diflerent  positions  to 
avoid  error.  The  colour  preferences  which  he  foun.l  were  as  follows 
the  preference  for  clear  light  colour  being  strongly  indicated :  ' 
Clear  green      18  Azure       ...    "...     13 

^^ 17  Clear  red 10 

Clear  yellow     14  Daikgiey       ...       9 
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White 

Dark  re<i  .. 
Pale  grey  . . 
Dark  yellow 
Dark  green.. 

Re<l     

Orange 
Clear  brown 


9 
8 
.5 
5 
5 
4 
3 
3 


Pale  riwe 

Very  clear  gnen 

Black        

Blue 

Pale  violet 
Dark  brown 
Lemon  vellow  . , , 


While  these  results  are  interesting  further  experiments  would 
be  required  before  any  general  conclusions  couki  be  .Imwn'. 

Hibernation. 
The  disappearance  of  Hies  towards   the  end  of  October  and 
durmg  November  is  a  well  kno>vn  fact  and  the  question  is  fre- 
quently asked,  wha.    becomes   of  them  ?     Observations   on    this 
question  were  ma.le  from  the  beginning  of  ,„y  study  of  this  insect. 
Ihree   causes   contribute    to    the   disiippearance    of  the  Hies 
namely,  retreat   into    hibernating   ,,uarters  or  into  pernmnently 
heated  places,  natural  death  and  death  from  the  parasitic  fungus 
hmpusa  mmcue.     The  last  cause  of  .lisivppearance  is  fullv  con- 
siderecl  later  and  it  accounts  for  a  large  pn;portion  of  the  summer- 
bred  Hies.     The  natural  <leath  of  flies  may  be  com|«red,  I  think, 
to  the  like  iiheiioinenon  that  occurs  in  the  ea.se  of  the  hive-bee' 
Apis  meUifim,  where  many  of  the  workers  <iie  at  the  end  of  thj 
season  by  reason  of  the  fact  that  they  are  simply  w,.ni  out  their 
tunctKm  having  bt-en  fulfilled.     The  Hies  which  die  naturally  have 
jH-obably  lived  for  many  weeks  or  months  during  the  summer  and 
autumn,  and   m  the  case  of  the  females  have  depositi.!    „    „y 
bitches  of  eggs;   their  life  work,  therefore,  is  complete      Those 
flies  which  hilK-mate  are,  I  believe,  the  most  recently  em.-rged  an<l 
therefore  the  youngest  and  most  vigorous.     On  dissection  it  is 
found   that  the   akiomens   of  these  hibernating  individuals  are 
picked  with  fiit  cells,  the  fat-body  having  develope<l  enormously 
Ihe  alimentary  canal  shrinks  correspondingly  and  occi:pies  a  very 
small  space ;  this  is  rendered  po8.sible  by  the  fact  that  the  Hy  does 
'  HindlB  (1913)  has  more  recently  carried  out  a  series  ot  experiments  in  which 
stnp,  of  coloured  cardboard  were  exposed  to  catch  Hie,  whicrsettled  on  them 

^irp^™::.""""' '°  '^""'""^ "-"  "■=  ""^  ■"'> "»'  ^'-^"^  ->■ "-'«'' 


HIBERNATION  j,g 

Like  most  an  malmn  hiK^™,.-        ..  '   '"   ""^  ma  e». 

have  bin  .oun  I  tv!; rLT"  ^  "'"'  "'""••     ^"  •"■"-«  "•.;. 
pictures,  books  an,l  curt..,',!       A  J    '  ''"""    '''""''    '«'''i"'l 

by  nu.a„s  of  the  contents  of  the  tT^7  I  T-  '"'"  '""""""' 
extrenielv  small  in  hihern  *''^. '"*:'""'>'•  "'"•^h  >«  fi'imd  to  be 
-"-go  in  M:yliZTrl  "'ry*  .'"7^"-'  »"-  thev  first 
siderfblv  .lecreas  d  „  ■  b,u  tV  fl  K '"•''  "'"'^  "  "*  "■^^  '^""- 
■'liment,  rv  trart  regain,  ksn  '  f^  *'""'  '"  *"■''  ""''  ^"""  '»"■ 
developn,™t  of  th™,:  ,e  iT""'  """'  '*"'  "«^'">"''  -*"  ">" 
regain  its  „„„„al  ap^"  *  Th""""'  """"  ''^'  '"''"'"'■"  *" 
app..ars  to  be  contrXdbv  te,„  '  atT"'""'^"  """'  '"'^'"""■"" 
find  ,»M  Hie,  emerm-ncr  fr    -'"."'* '^"'""■.  «»  "ne  may  freqnentiv 

occasionally  be  found  active  thr       k  /'^■"^-     ^   few  fl.e.s  mav 

-.vefiies^,^,uenir:;'tt:r;r::be/t::^b"'"'' 
::^- ti::™^:-  :ir:frrT'-'^  -^^-^^ 

in  the  bakehou  e^'one  o  hcctnl  T""  *,',"""*  '""■^'"  «'- 
and  used  these  flies  in  h  K  ^  "  g'  "'""S^"  '"  ^^'•"•"'"y 
the  re,..,.t  T  ''"■'''^'"8  ^'"P^'riments.     H,.  reconis 

^^Z:zz  "T  V''  '-y'  -""-'™  "^-S- 

together  with  trwhoilv  H  7  "'"'  P^'"-''"'"y  ''etive  flies, 
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Regeneration  of  Lost  Parts. 

I/ the  wingH  or  legs  „f  if.  domeatim  an-  broken  oft'  they  do  not 
appear  to  be  able  to  regenemte  the  missing  jjortions,  iw  i„  the 
case  of  some  insects,  n.  .bly  cerUvin  Orthoptera.  Kammerer 
(1908),  however,  experiiaenting  with  M.  domestica  and  C.  vomitori,, 
has  tound  that  if  the  wing  is  extirpated  from  the  recently  pupated' 
Hy  It  IS  occasionally  regenerated.  The  new  wing  is  at  first  homo- 
geneous, ami  contains  n..  veins,  but  these  appear  subse(,uently. 

Longevity. 
The  difficulty  of  exiK.rimentaliy  determining  the  length  of  the 
natural  life  of  a  hou.se-fly  can  be  appreciated  only  by  those  who 
have  attempte.1  it.    Those  who  have  not  done  so  will  har,lly  realise 
It.    *ew  insects  are  more  difficult  to  deal  with  under  experimental 
conditions.     One  would  imagine  that  these  insects  flying  ,bo,it 
everywhere  ,vs  they  do,  could  be  easily  kept  in  a  large  roomy  cage 
If  given  the  nece&sary  lissl  and  water.    In  my  experience,  however 
this  has  not  been  the  ease;  I  have  never  succeede.1  in  keeping 
flies   ahve   in   captivity  for  a  longer   period   than  seven  weeks 
in  the  winter  it  is  apparently  more  easy  .o  keep  them  alive  in 
captivity.     Jepson  (1909  6)  kept  alive  for  eleven  and  a  half  weeks 
Hies  which  had  been  reared  in  confinement  in  February.      Flies 
which  hatl  been  caught  in  the  kitchens  during  the  «»„e  month 
and  were,  ther-tbre,  probably  flies  of  the  previous  autumn,  were 
kept   ,n    captivity    fi.r   ten    week.s.      Jepson    states   that    in    the 
summer  he  was  unable  to  keep  flies  in  captivity  for  more  than 
three    weeks.      Griffith  (1908)   succeeded   in  keeping  a  male  fly 
alive  for  .sixteen  week.s.     The  evidence  which  is  available  clearly 
indicates,    I    think,    that    the    late   autumn    bred   flies,    if   they 
escape  death    from  Empma  and  other  causes,  live  through  the 
winter  to  pro<luce  eggs  in  the  following  spring.      I  am  inclined 
to  regard  the  winter  breeding  of  M.  domestica  as  unnatural   as 
It  IS  induced  by  conditions  which  are,  strictly  .spc.aking,  artificial 
Ihe  summer  flies  are  probably  shorter  lived  owing  to  their  ex 
tremely  active  lives  which  endure  probably  for  about  two  months 
^yv  so. 


PAET  II 

THE  BREKDING   HABITS:    THE   LIFE-HISTORY 
A.\U  STRUCTURE  OK  THE   LARVA 


CHAPTER   VI 

THE   liREElJI.Nl.   IIAHITS  (JK  j/r.sc.i    OUMHSTICA 

The  meagre  „ature  „f  th,.  inli.nnation  c.ieemini;  the  life- 
l..swrv  and  the  bree.n„g  habits  ef  the  h„use-Hy  which  wa, 
available  at  the  tune  my  investigations  were  begun  has  been 
m<..eate.l  already  in  the  intr,Kiuct,.ry  chapter,  in  which  the 
h,st,^y  „i  „„r  knowledge  „f  this  insect  w,us  trace.).  01..ichen 
and  laschenberg  in  Europe,  PackanI  and  HowanI  in  the  United 
ht,rtes,  had  been  the  chief  contributei-s  to  our  knowledge  of  the 
breeding  habits, 

Carl  de  Geer  (177«)  was  one  of  the  first  to  .lescribe  the 
breeding  hab,t.s.  He  state,!  that  the  house-Hy  .level,™.!  in 
warn,  an,!  humi.l  .|„ng,  but  ,li,l  not  give  the  time  occupied  by 
the  different  ,lev,.lopmental  stages.  H,.  refers  to  the  enormous 
quantities  oi  Hies  occurring  fr.,m  July  to  August.  His  state- 
ment cnceniing  their  .levelopn.ent  is  esp,.ciallv  interesting  as 
he  appeal,  to  be  the  first  investigator  who  "calle,!  atte„ti.,n 
.,  what  I  consider  to  b,.  one  of  the  iii.,.,t  imp.rtant  tactons  in 
the  devel.,pment  of  th..  Hy,  namely,  the  process  of  fermentation 
occurring  m  the  subst,.nc..  in  which  .levelopment  is  f.king  place 
He  says  (p.  7«):  ..Le.s  larv,.s  ,le  cette  ...sp^ce  viveiit  .lone  .laiis  le 
fumier,  inais  uniqnement  .lans  celui  .^„i  est  bien  chau.l  et  humide 
<.u  pour  iiiieux  dire  qui  .se  trouve  en  pc'rfaite  fer„^„tation"  (the 
Italics  are  mine). 
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t..k..s    which    won.   ,lu.    t       h  r'T"*^'  "'"'•  ""'■''"'"'»  '"''•- 

the  tin,..  .«c,.nie  I  b    th    '  ■         '!'  "'"■"'■     ""  '''"■•'  "'"  Kiv,. 

riickarfl  (I.e.),  worliinir  iit  iii..i  .      m     '    . 
that  th,.  I..rv,„.    .,„.,^;V,,;  ■  *'"'*""^'"-"«>  f^S.A..f„„n.i 

-p.,siti„„;  th..  ti,,,..:';. :  "h  hii'fh,.  "i" •"!""  '"'"^  "'■'^■■• 

f""n,l    that    then,    were    tw      L      e«  1  "      ""*'■'"""   '•^' 

t«'ontv-f,.„r    hours-    th  '  ?       ^■"ly.s.-.s-werc. :    «rst,   ab,.„t 

th-e   ,.r   ,;,„r  day.:"  the    'X' C^  t  SI  T   'T''^' 

that  in  Auinist  wh  •„  .h  '"  "'■'''"  ''"y"-  "" 

in  AiijruHt,  „„j.„  (^^.  ex|x.riini;nt.s  were  eamerl  ,.r.   tu  \- 

fr.un   the  .lep.,«iti„n  „f  th..    ...tr  t„  th  .  '  *'""" 

was  ten  t..  f!;;,rte..n  dav!        ''  '  ""■'""""  "''  ""'  '■"'"«" 

ai.,«iy  n.enliir^H:i:rL:';:"L:;:;:t"^  r  ''■■  'r 

s.iy.s   that    they   have   als.,    h..en  „bserve,i    lavinTih  ''' 

spittoons  and  open  snuff.b,3ves      With  r         ^    *'     .       "^^^^   '" 
ment,  I  find   that  the  W   wiM    i      n"""  "  '*"'  '""*''""'- 

Howard     1911),  reared  M.  domestica  in   IksqT'  *\"^'^""''''  V 
in  a  box  „t  snuff  at  Ken.in;;:    in.    USA  "  '"""  """"' 

"ington,   Li.!5.A.,  and   he  described   them   in 
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""•  .KK '  th.  hate  i ; ;  hV"  "''"r^  •■■■"■"  ">'•  ''■■i«-'i"" ... 

-..-.hat  iMh     -th^:  J""';'  "'« '■■  "■'^-  """'  la-! 

thus   .uakin,.  th..  wh„l..  ,J1,  ,,  *";  l"'l»""-'"'th,.  larva,., 

liiirimn  .-xciviiK.nt  (looo,  ,.       ■■  ^     '   '"''  '""«■"   '"'ma  „f 

^"i''"'- ^'■--«.--r:i::L^-"- --'^ 

""t  publish,.,!  until   I90«  '''■vfl..pnK.nt  „(   ,h,.  fly  „a., 

placs.     H,.  His,,  f„„n,)   that   ,h .    '^'  P<nnan..nt  b,-..H,|i„jf 

'"-"..  places:  clleeti,^  ./ 1^;'  j;:;:::;  --"  »  -'"P"^4 
"'■•'tt--   an,l    feathe,.s    lvi„„   ;„  ,  "".''  "'"'  """T  vegetable 

;p-es  in  ,.„.,t^.  ,,„^^  L  :  ,,^r':n """'"'""  *"  -i-" 

be,l,l,ng  i„   p„„u^^  H,    a  ,  ,  ""'■'■    ""    "■'"»"•'■». 

th^-  ..Ks..nati,>„s  ..".a.tbvH";..;  Jr        "T"""'"'  '"  '^""«"" 

"'•^/.  ''o«,<,,,-o„  in  h,„.„-  "J:;;;'  ■"■"  '">-"  - 1„  th,.  b,.....,ing 

«-^-=r^£;rir:';;';"r^'"^^-'- 

s.iccessfnlly  ,.„.r,Hi  in   and  the  Hi      T  ,  /  <'o"'extwa   were 

--■»:  "....e.nan,..:'::::;.^;^  ,->•»'--  «^'l.-':....b. 
h'-th  as  is„lated  faeces  ..nrl  in  i.  "'""">''  *"".••'"  •■xcreniont, 
-.h  exc,en,ent,  ..btaTned  t     I    >  "'"""r^  '"■  -"»«"- 
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miijc.nty  ..f  liimiu  an-  nanil  in  tinttm';  iimniin-hfii|«.  in  statiK' 
yards  winu'tinifi.  Hwann  with  thu  Inmic  ,<(  M.  dometiim.  It  wao 
als.,  tnunil  that  th.'  laivar  will  tWil  on  paper  anil  t.-xtil.^  tiilirii'H. 
»iich  as  wcNillcn,  cotton  ^mnnonts,  and  sacki»){  which  aiv  toul.'cl 
with  rxcn>nicntal  ppKlucts  if  they  air  kept  moist  and  at  a  suit- 
alili'  tcni|X'nitun'.  Tl.i'y  wcir  also  rvariil  on  ilwayin)}  vtx«tnl)les 
thrown  away  as  kitchen  refuse,  anil  on  such  fruits  as  Kmanas, 
apricots,  cherries,  and  peaches,  which  were  mixed,  when  in  a  rotting 

>-'"""''ti with  <''>rth  to  make  a  more  solid  mass.     AlthoUKh  they 

can  t«.  reared  in  such  foiKl-stiiffi  as  bread  siuiked  in  milk  anri 
l«iileil  ej{){,  when  these  are  kept  at  a  temperature  of  als.ut  25°  C, 
I  was  iinalile  to  reav  them  to  maturity  in  cheese,  although  they 
f«l  on  the  siibstanci's  for  a  tew  days  and  then  jrradually  died  ; 
my  liiilure  i:iay  have  Im-iii  due  to  the  nature  of  the' cheese 
which  was  iisikI,  only  oni'  kind  being  tried.  In  addition  to 
rearing  the  lamie  on  isolated  human  tiieces,  such  i.s  are  fre- 
quently tiiund  in  insanitary  courtyanis  and  similar  places,  they 
were  found  in  privy  middens,  and  also  on  a  public  tip  among 
the  wanii  ashes  and  clinker  where  the  contents  of 
middens  I  lul  also  evidently  been  emptiwl ;  I  brtil  tlu 
fnaii  this  material. 

In  Canada  I  have  further  found  that  M.  dnmestica  can  be 
reared  in  germinating  wheat,  no  doubt  owing  to  the  heat  en- 
gendered by  the  fermentation  which  takes  place. 

Jepson  (1909)  ri'ared  M.  dumeaticu  during  the  winter  months 
on  moist  bread  in  which  the  process  of  femientation  had  begun. 

Nash  (1909)  reconis  that  in  1904  he  found  the  spaces  round 
moveable  excreta  boxes  in  privies  swarming  with  fly  larvae.  He 
refers  to  an  interesting  observation  of  Austen's,  comnmnicated 
by  the  latter  in  1908.     Austen  found  the  larvae  of  M.  domestica 

in    nibber   which    wius   suspended    in   a   drying-r ii    at    a    tem- 

p<-rature  of  100°  F.  They  wen-  apparently  full-grown,  and  the 
circumstances  indicated  that  they  could  not  have  been  more 
than  three  days  in  developing  from  the  egg  stage,  which  indi- 
cated a  rapid  gi-owth  at  this  excceilingly  high  temperature.  Nash 
records  the  breeding  of  the  house-fly  in  stored  hou.se-refuse.  and 
he  reared  them  on  bread,  peai  potato,  b„nana  peelings,  boiled 
rice  and  old  paper. 


■oiin'  privy 
flies  out 
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The„b«l,|  h„.  n.p..rt.,l  ,h..  1., lin^j  „,  hI-h  „„   ,■,„.„.  ,„„ 

: " surK..„.M,i„r  .s„mh  h.«  ,.i»,  ,;„,..,  ,h,.,  h,„..: : 

..nm„.l  th,.  „.,,,u.ry  c p,.      H-  h„H  ,.l»„  , .,..1   i,    „■„,'„  ,';,'■. 

Ort..n(I910),i„  «„„•.  iiiv,..HtiK.ainn,,,„„,,,i  hy  H,.waii|  (l')ll  i 

''"""'^  "  •"""  •"'">•  ""■'  i'  ■"  i"..r.s,i„K  t „.   ,1,,.,  ,h,. 

.'■vm.  ami   p,,,»„.ia  w.r..   ,„„r..  ahun.lant   in  that  p„r,i.,„  „,   ,h,. 

P  «  wh..r..  th..   h,.,... nun.  wa«  nth.T  p„r..  o,-  ,„...,,on„nat 

P  p.e  wen.  al..  f,a,„.l  i„  ,.i|,.,  .„•  ,,,,. ,„,J.,,  ^, 

»'U.t..  ,n,alt);  an  onnc..  „f  ,h,.  latter  contain,-,!  lOlN  ,„a,,,.,„      I„ 

an  ..xp..nm,.nt  „n,.  ,k,„„,I  „f  „,a„.,ial  c,a,„it„tinK  ",..«.  I :,li„,, 

p  .c..«  was  tak..„  an,l   kept   in  «c-n.,.n-e„ve,v,l  g'.,,    ja,.   „,   Z 
lalH>nU,„T  ,„r  t,.n  ,lays.     The  i;,|l„„.inK  w,t»  th,    ,.,.„,lt  ■ 


St,il,]e-m,intii-4. 
Farm  liftm,  hor^e  end 

«  mixed  ... 

II  cow  end 

I'iggery  manure  pile 

Si»nt  hoiw 

Barley  nwlt 


n,,  juliilt  tliiw  iat^ietl 
1» 

'  ••    fly 

3«'    „     flies     „ 

12!) 

r,3!l   „ 


As  H,.war,l  p„int»  „nt,  these  results  were  n,.  ,l„ul,t  in  the 
main  correct,  althouRh  the  i,lentificati,.n  ,.f  th..  flies  was  l.v  n„ 
means  thon.ugh,  as  Ort„n  admits. 

During  the  summers  „f  1908  an,l  1909  Pn,f.  S.  A.  Forbes 
btate   Ent,™o!og,st  of  Illinois,  U.S.A..  hn.l  observations  earri,.,l' 

M.  J.  J,  Davi.,,  on  the  bre..,ling  habits  of  the  hons.-flv  with 
a  v,ew  to  dtscovering  what  substances,  other  than  the'  usual 
breedmg   place,    horse-n.anure,  .serv...l  -...^ling   p|„ees.     Th,. 

resuls  of  these  „bservati.a,s    have  ..      ubiished 'bv   Howar,l 

{.lyil)  and  are  as  follows: 


':!•;■ 
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Onto 

Si.|)t.  1-3 

Auj(.  IHhihII 

■"*'1it.   N  -  1 1  / 

••^pt.  7 

'<<'I>t.  ; 

Auk.  31 1 

■■<<"l>t.  S.^ 

Oct.  I 
**<'pt.  7-14 
Aug.  a 
>*e\,t.  lo-ifl 
Aug,  .K)-He|it.  1 
Aug.  14  Slid  2N 
Aug.  30  -Sept.  1 1 
Sept.  7 
Aug.  17-40 
Aug,  43-28 

Aug.  23 
Aug.  IB— is 
Aug.  14 

.■^ept.  2—1 1 
Aug.  1(1 

Aug.  31 -.Sept.  7 
*pt.  7  -10 
■Se]>t.  fl 


Aug.  24-Sept.  IB    Human  eicn,me„t 


BiMilIng  iiuKrUI 
""""»  ""tr.m.lon  „hJ  mu,kniflon 

Rotten  .,»m>b.  «i„|  cucumben. 

Hutleu  culilkigioiiinip 

liiiiwiia  |»!eliiig» 

Ri'tten  iKitito  iweliiip,  '  ' 

(.'uolcMi  iieAN        

A»h  .  mnM  with  vpgeubiB  w'n»le 

Kottpu  hreuH  iir  cuke 

Kitihen  •liiiM  «i„|  „gi,i 

Miied  «.wdu,t  and  rotting  ve^i^tabl.,' ' 

Old  garlmgo,  city  (lump 

Rottoii  meat,  »l/iuglit(.r.h..uiie«' 

Carrion  in  Mtreet 

.Seoiage  fnuu  garliage  pile 

Ho^H  hair,  "laughter-hmiae  waato 

Sawdiwt  ^weepiiig,^  ,tock   vanln 

"laiigliter-hiiiuie      .,,     " 
Sawduat  aiveopinga,  meat  iimrket 
Animal  refuae,  atock  jarda 

''""m'tt'le"'   '■""""'"»'  "'  »l«iighter^i 
Rotten  chicken  feathera  ,[', 

•  'hiukeu  manure,  atock-car  dump 

Cow-dung,  atablo,  I'rbaim,  III, 

Cow-dung,  (lutdoor  jani 

Cow-dung,  iiaatiire        ,..        [\[ 


No.  or 
Rottae-lliM 

bCKl 
U 

» 

1 
1 

14 
1 
1 

H 
IM 
41 

in 

4c  > 


no 

4 


16S 
2.V( 
3 
997 
44 

196 
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"'""■••■   """I"    in    Illiih.iH   „„,|,.r  ,li(r..r...„  , 

;;' «'••  -f. «- .i..i  ,,  !;'''.rr''''''''r ""  "*'""'- 

'r,.:'y:i:;t.:;!vr; ;"^-^""— > 

''"in.'  (1(112)  i,„„|,.  „  „    I        .    , 

"■K'..'«.rmo,..ei,,,/£tJ7;  ;••";•■"' '»•>, 

'I'""  that  ,h,.  im..,i„r  Ml  ,h,    ,. ■  "'"■"  ""■>•  »■'■■■'■  ^ n- 

— .  IV  uv,... :::',  L;7 :  ■ "' v. -«,,„„ 

"'■"•■■• '■''--'"n- o„„„it ,;  :;'!tv  ■;'''~'''''''''''''' 

P'-P-'t.^l  in  a  »,„«||  ,n«„,i,v„r,    ,'h      T      ;i';''"'    '"'"'' ^    ""> 
ih.  r,,„|,H  „,■  th,.«.  r..aM„K,.  """*''  '•''''■■  «"^'" 

^«'«6..  „„,/  ^,„.  ,,,  ,,,„^,^  ,.^,^^^^  ^ ^.^^  ^^^^^^_^__ 

•Bw^u;,,  M„s«„rh,mit.s.  U.S.A. 


Niinilter  ot  s|M.r' 


of  Lot      "■"""■• 


•'/""■"       I'luirmiii 
ticii        'loiiintl,,,      „,,/„„ 


l.uvilii, 
^irii-itl.i 


<r,jtlin,. 


I'.nt-nt 

Ma»h„i 

U«(f  of 

.1/»„„ 

■Sept.    5 


IX        Aug.  10 1 
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It  will  be  8fen  that,  out  of  649  flies  of  various  species  which 
wm>  bmi  from  larvae  found  in  garWgo,  136  or  22*4  per  cent. 
were  Miisca  domestica. 


Summary  of  Substances  in  which  Mvsva  mMESTiCA 
Breeds. 

All  tht*  foregoing  observations  un  the  breeding  phices  and 
substances  m  which  flies  breed  may  be  conveniently  summarised 
as  tollows: 


Horse- manure 
Human  excrement 
Fowl  excrement 


JCxcrcmeiiiom 

Cow-manure 


Pig-ma?  mre 
Rabbit-manure 


VegHahfe 


Spent  hops 
Decaying  grain 
Cooked  tieas 
Rotten  water  melon 

„      musk  or  other  melons 

„       cucumber 

„       carrots 

„       cabbage 

„       potato  and  (welings 

Boiled  rice 


Barley  malt 
Ejcretii-soiled  straw 
Bread  or  cake 

„      and  milk 
Rotten  apricots 

„      bananas 

„      eherriea 

M         phUDH 

{teaches 


Rotten  meat 

Carrion 

Cattle  paunch  contents 


bi-t 


Animal  matter 

Rotten  fowl  feathers 
Old  broth 
Boiled  egg 

MiaceUaneoui 
Kitchen  refuae  Snuff 

Fermenting  substances  in  ashpits  Expectoration  with  earth 
Sawdust  and  excrementous  refuse  Excreta-soiled  paper,  rags 
Garbage  pile  drainage  Ensilage 

CessiHMl  Rubber 

All  observations  which  have  been  made  indicate  that  th 
-'ding  place  of  the  house-fly  is  hoi-se-manure  or  stable- 

th-it-      ill     .wl.l.'t-^..»      ;*.     ;~     ..LI_     ^1  1      ■  ,  „ 

Drms 


e  chief 
■refuse, 


inent  and  in  rotting  or  decaying  animal  and  vegetable  subsUncei 
especially  when  they  are  in  a  fermenting  condition. 


bbbedixo  season  (),5 

Location-  of  Bbeedino  Place. 

The  f,.iimU.  Hius,  as  a  rule,  prefix  t..  <lfi)o«t  th.^ir  em's  "ii 
Hi.bstances  ,„•  heaps  „C  breeding  material  exp„se,l  to  the  light 
General  ■  .hservati„n.s  „n  the  ,K,-eurrence  „f  th..  larvae  have  ,sh..wn 
that  fewer  larvae  are  found  in  prop.rtion  as  the  situation  „f  th,. 
suMance  ,n  which  they  are  living  is  t„rther  awav  Iron,  the 
light.  Felt  (1910)  has  demonstrated  ex|x.riinentallv  that  the 
Hbsenee  ot  light  has  a  very  marked  inHuenee  on  the'oWpositing 
nnpulse  of  the  fly;  the  darker  the  situation  was,  the  fewer  were 
the  number  of  flies  which  were  to  be  found  there.  The  fiiet  that 
flies  are  ,lisinclined  to  ,K^netrate  a  ,lark  place  to  oviposit  has 
some  practical  signiflcanee  in  their  control. 


Breeding  Season. 

All  my  experiments  an.l  .bservations  on  th,-  bre,.,ling  habits 
|.t  th,.  house-fly  imlicateil  the  important  fact  that,  if  suitable 
larval  fo,Kl  wer..  presen  ,  an.l  the  t,.mperatur..  of  th,.  surroinifling 
air  were  sufliciently  high  to  permit  the  prolonged  ,vctivity  of 
he  flies,  the  female  h,>use-Hi,.s  will  deposit  th,.ir  eggs  an,l  the 
larvae  will  develop  at  any  time  of  the  war.  I'n.ler  oixlinarv 
circumstances,  however,  the  condition  regar,ling  temp..rature  i; 
not  .s,it.»hed  in  tempi.rate  clim,ites  .luring  th,.  whole  v,.ar  roun.J 
Conse,,„ently,  we  find  that  in  the  temperat..  ivgion  the  breeding 
s,.ason  IS  confined  to  the  peri,xi  June  to  Octob..,-;  exceptional 
circumstances  may  exten.l  this  period  a  few  weeks  earlier  or 
hter.  During  these  months,  as  the  bree,ling  and  activity  of  the 
hou.se-fly  IS  directly  depen.ient  upon  the  temperature,  the  gi-eatest 
bie,.,ling  activity  takes  place  .luring  the  hotte.st  months,  Julv 
August  and  September. 

During  the  winter  m,.nth.s,  und,.r  natural  c,.n,litions  th,. 
outsule  temperature  will  not  permit  breeding  to  take  place  but 
under  such  condition.s  as  are  foun.l,  for  example,  in  warm  stahlos 
an.l    cowsheds,    restaurants    anil    kit. 


kitchens,    female    flies    may    b,. 
ler  ovipositing  or  able   to  do  s,,,     On  .lis.s,.cting 


,ift..n  found   eith 

such   flies  I   have   foun.l 

spermaiozoa   in   the  .si),.rmatheeae.      I   have  obtaine,l 


mature  ova  in   thi 


le  ovaries  an.l    livin 


,.ggs  fr.i 
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flies  caught   in   restaurants   in   D™on>b..r.     Oriffith  (190«.   hw 

trnpcTature.      Jepson    (1909)    caught    Hies    in    January    m 
Ca,b„dge    bakehouse  and.    under  artificial    condition       .a".,; 

mmi  bd  b.  in   the   morning   to  75°  F    in   the  ev.nJn ,    k 
■"ble  to  rear  the  flies  succefsfully    the' whole   lifrh'     ,"   "'" 
..bout    t..e   weeks.      Gleichen  (Ik  t:Ss '^    «  ^tM  "hf 
obtametl  eggs  in  January.  "'"    '"^ 

Hermes  (1911)  .states  that  at  Berkeley  in  California  he  has 

■  th    ^Th    '"  T''"'  ""■"  "'^"-  '"•-"l-SP'-es  during  evet 
mon  h  of  the  winter  season.     In  early  Mai^h  a  veritable  ^,lagZ 

^«".^   m  California.     In  sub-tropical  and  tropical  cliuru.-'   th.. 
b.vecl.ng  .season  is  continuous  throughout  the  year. 

Abun,.ax.,e  of  Flies  i.n-  relation  to  Breedinu  Place,s. 

h.,u^ronr  ^,1  """"™  "'r.""-^"^i''g  P'"»-  "'"I  habits  of  the 
o  r  'ul  ,","""*  "*"''"'S  '"^"^  '«  'he  enormous  number 
fl^es  which  are  ,d,le  to  develop  in  a  certain  ,,„antitv  of  bn  U^ 
nateiia  such  as  ho,.e-manure  or  excrement.  Son.;  inteivst  ng 
,.servat.ns  .ive  been  m.le  by  observe,  in  di«..nt  c ^ 

Faichne  (1909)  reconls  e.v,x.riments  carrie.1  out   in  Imlia  in 
which  he  reared  about  4000  flies  from  o„e-si.«h  of  „  cubi      b  " 
.|t   ground    from  a  latrine   and    as   many  as   500  from         in" 
'li-'ipprng  of  human  excreta.  *' 

Herm.s  (1909)  in  Califbrnia  t,»,k  samples  th.m  a  pile  of 
-..anure  after  au  e..po.s,ire  of  four  days.  The  larvae  i,  he  e 
■samples  were  counted  with  the  following  results:  the  first 
s^uuple  4  lbs  contains  6873  larvae;  second  sample,  4  lbs  con 
amed  1142  larvae;  thinl  sample,  4  lbs.,  contained  5«.,  l,',™  . 
f-urth   sample,   3  Iks.,  contained    682  larvae:    the   fotal   ,,  v' 

.vxainined,  comprising  15  lbs,  contained,  therefore,  10,28/" 
All  hese  larvae  were  nearly  or  quite  fiill-grown,  an.l  the  a>erag<; 
number  per  poun.l  of  manure  was  685  larvae.     The  weight  of  the 
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2«    p,,pan,.  w.re  .,„n,l   i„  ,..«  „„.„  „„..  e„l,ie  inch  Tu^^     . 

.ik«    (,.,„„  a  ,s,„t  „,,,  i„eh,s  l,..|.,«.  the  »,„.,;.«.  „f  th..  ,.ik  "h     , 

t^.'    1..™.    had   evi,l.„My  e„„j;,v^.u.,l    in  e„„si,l...,,,|,'  1:'    : 

piioi-  t(i  piipitingi.  nnininis 

.■",.Sn/'r';;!,i;'''""''"r'  "•'  ":■  ""■'■*^""'s  "''--ti.,,.  whn,. 


'i 


.V.  ./.meHica  i„  the  m«l„  renl      Mv  !  I  f  """"'     '"»'"l"'"™  of  the  ]„„,«  „1 

tba,  .he  distribution  ofleta^e  4*;™,":'';  '",  r""!"'""  '■'~"»  »"»»-' 
well  piled  m„„u„  heap,  in  »h  |"  ,"m«Zl  .°>!1  "'",'  "'"  '"'"""'  '■""'  »'  " 
great  .0  permit  .he  lant  .0  p^  1 1  .      n";!;'.',         "  """'  "'  ""'  '''''•  "»  '«> 
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THE  LIFE-HISTORY  OK  THE  HOl'SE-FLY 


Propobtidn  of  Sexes. 

The  pi-iipiirthin  uf  males  tn  ti'inali's  is  appruxiiiiati-'ly  iiiual 
lit  Hies  which  aiv  caught  in  and  abiiut  the  house.  There 
is  usually  n  very  slight  prepiinderance  iif  temales  during  the 
sununer.  Hauler  (1909)  found  that  in  the  early  sunuuer  the 
males  were  slightly  in  the  majority.  In  the  neighbourhcHMJ  ol 
the  breeding  places,  however,  the  temales  gii'atly  outnumber  the 
males,  often  exceeding  the  proportion  of  nine  to  one,  as  was 
observed  by  Henns  (1911).  The  breeding  exi)erinients  also 
confirmed  the  observation  that  the  sexes  are  approximately  e^jual 
in  number,  the  females  being  slightly  in  excess. 

Copulation. 

The  copulation  of  M.  domestica  appi'ai-s  to  have  been  first 
described  by  R^aiiimir  (1738).  Berle.se  (1902)  has  given  a  careful 
and  illu.strated  account  of  the  operation  which  I  have  confirmed 
by  observation  and  <lis.section  and  by  means  of  serial  sections, 
!is  the  process  is  one  of  some  complexity.  I  have  never  observed 
copulation  to  take  place  in  the  air.  The  si'xes  will  often  "come 
to  earth  "  in  an  agitated  state  but  I  have  never  seen  them,  under 
such  conditions,  actually  in  coii,;: :  it  is  usually  a  male  which  has 
seized  a  female  in  the  air.  The  male  may  ix'rform  a  few  tenta- 
tive operations  before  copulation  takes  place,  and  these  hasc  been 
mistaken  for  the  actual  act.  The  male  alights  on  the  back  of 
the  female  by  what  appears  to  h  a  carefully  calculated  leap  from 
a  short  distance,  and  this  act  would  appear  to  indicate  on  the 
part  of  the  fiy  a  faculty  of  being  able  to  judge  distance.  It  then 
caresses  the  head  of  the  female,  bending  down  at  the  same  time 
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the  .listal  ,„.  ,.i,ie„|  ,,„,,•„„  „,- ,h..  „,,, „      .,.,,„ 

n.r  »Mi).,s,t,„'  and  insorts  it  into  th,.  Lvnital  at.i,,,,,  „f  ,h 

'"uale  g,.,„tal  ajKTtim.  is  situated  .,n,*,sif  .  ,„  ,1, 

i'>"t  ,.t   the  genitiil  atrium.     Reteivnc..   t.,  tiirJ  •>«        j    ,-       ,, 

-.ke  th.  deseripti,,,,  eu.a,.e,..  The  :t,:;,':t  z^  i: 


OviposmoN. 
The    females   begin   to   depwit   their  eggs  a  ti-w  d..,-. 

ZTZ    /  ""^  *"'"  '"'^'''"""  "'">■  ^^'  P'"-  •       -1 

e  ,o,.rth  day      Taschenberg  „,o.>  states  that   the  ,e„., 
""  the  eighth  ,lay  after  copulation. 

sf,nr'''Kf'''"  ',"  ''"**"''  '"'  ^'88^  '*"■  «>•  ^''iKh'»  ""  the  . 
.nee  which  ,t  .selects  as  a  suitable  nidus  and,  ff  ^,s.sibl..,  c, 
Uvn  a  crevice  out  of  sight.     By  ..ten.ling  its  ovi,.,sitor  i 
able  to  deposit  Its  eggs  still   further  away  troni   th..  light 

7-2 


after 
V  as 
"lays 

snb- 
awls 

it    Is 

■m.] 
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whiTc  they  will  1h'  iihiiv  piotictwl  tiiiiii  drying  lip.  On  the  uther 
hand,  nne  iiiiiy  tivi|iii'ntly  find  that  eggs  have  bien  deposited  in 
large  numbers  un  the  surface  of  the  brer'ding  substance. 

During  a  single  day  a  fly,  if  undisturbe<l,  will  dejxisit  the  whole 
batch  of  eggs  which  are  inature  in  the  ovaries.  From  actual 
coiuit  ot  eggs  in  the  ovaries  of  di.s.sected  tlies  an<l  of  Iwitches 
which  have  been  di'positi'il,  I  tiuind  the  nuinlHr  varied  from  10(1 
to   IJ50,   the    usual    luimlH'r   being  alxait    I'iO.      This  luiniber  is 


^^^0yj^- 


Fut.  36.    Mass  of  e^a  of  .V.  tlimienticu. 
(Photo  by  H.  T.  rirucs.) 

confirme<i  by  other  obs<'rvei-s.  During  its  lifetime  as  many  as 
four  such  batches  of  eggs  may  be  laid,  as  shown  by  actual  obser- 
vation, by  the  same  fly,  and  a  careful  study  of  the  ovaries  of  a 
large  number  of  female  flies  has  led  me  tn  believe  that  five  or 
even  six  batches  of  eggs  may  be  deposited. 

The  eggs  are  depisited  in  clumps,  sometimes  the  whole  batch 
of  eggs  in  a  single  clump.  They  are  usually  placed  vertically  on 
their  posterior  ends  and  closely  packed  together  (fig.  .'16). 


HATCHING  OK  Euo 
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Th..  ..jrjr  „(  ^f,  domeHtkr.  (Hj;.  -.M)  ni.v.smvs  I  „„„.  i„  |,.„.,,|, 
HM.„(.tii,„.s  slightly  l,.s».  It  i»  .ylin.l,l,allv  .,val ;  ,„„.  .,,,1  \i 
l«.»U.nor.  ,s  lM-„a,l,.,-  thai,  th,.  „tl„,-,  t„wanl,  whiel,  ,.,,,1  th,'  ... 
.a,x.,.  „«■  slijjhtly.     Th..  ,„„..r  c-„v..ri„K  ■•.•  c-h,,,-!,,,,  is  ,«.a,.|v  wh.t!: 

'".'■• ';■•  "^^'  t*'l'»'»'d  ■■"'■■*"<-■'■  '«'i>'K  v,.,y  fi.„.|v  sclptuml  with 

i.iinut..  hexaj,m„al  markii.K'H.     Al,,,,^  th,.  ,l,„>al  si,h.  „f  th..  ..m. 
aiv  tw„  ,!,st,„ct  cn,v...l    ,.il,-|ik..    thiek..„in>,^    having   th..i,.  c.,n 
c-av..  tac..s  ..pposit...     I„   th.  hat.hit.^  „f  th.  ..«>;»  which  I  hav.. 
".servvd,  th..  p,..«..«  „-a.,  as  ti.lL.ws:    A  nn.mt,.  split  ap,K.a,v.l 
at  th..  ai,t..n„r  ..,,.1  „f  th..   .I,„s„l    si.l..    t„    th,.    „ntsi,|..  ,,f  ,„„. 


,,     „     ^,  ■•'■"■•"■  K,„.:is. 

"'enj.      "'"  "^  ■"■  ''"'"""■'■"•  ^-'"-  ■'°"'»'  ""'"  ■loi-so.lateml  view..    „.  Anterio,- 
Ki,i    38.    Kkk  immalialely  l».fon.  pmerKenee  of  the   larva  vshirl,  ,..,„   l 

through  the  ,lor«.l  ,plit  „t  .l,e  ehon'on  through  wl,[eri.e,"ergo"  "'"" 

"f  the.  ribs:  this  sph't  was  c.ntitn,...!  p„st,.n„,.lv  (Hg.  :i8)  aiul 
the  la,-va  cfawl...!  „ut,  th..  walls  „r  th,.  eh„ri„n  "cllapsing  after 
Its  ,.merg,.nc...  The  time  .,f  hatch!,,;.  vai-i..s  aec.,rdi„K  t„  th,. 
t,..np.',-at,„v.  With  a  t..mpi..at,.,.,.  „f  25  0.-35=0.  the  lai-v... 
hatched  ,M,t  from  eight  t,.  t«-elv..  h,a,.^  after  th,.  d,.p„siti,m  „f 
the  eggs;  at  a  tempt.,-at„r.-  „f  15=  0.-20°  0.  e,„ergonce  tak..s 
place  after  ab„nt  twe„ty-f,a,r  h„„rs,  aii.l,  if  kept  as  l„w  as  10' c' 
tw.)  „r  three  days  ..lapse  l,ef.,r..  th..  larva..  ..m,.rg,. 

Bechml  (1858)  sh„we.l  that  th,.  egg.  develop  ,.„„...  ,|„iekly 
under  blue  and  violet  glass  than  under  ,e.l,  vell.,w,  g,4n  „r 
white.  * 
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Larva. 

Thriv  niv  thivi-  l,ii-vul  »ta>,'i-»  hi-  inHtaix   thr  larva   ini.nltiiij,' 
twkv  (liiriii){  thi'  fiiiiiN,.  i,f  its  (l.'vii.piiK'iil, 

TVie  firnt  lurviil  ftiifie  tir  timt  iiwtin: 
The  iifwly-hak-hcil  larva  (fijr.  3!l|  iMia»iir.s  2  i,,,,].  in  l..ii^;tli. 
It  cintains  tlu  sjum^  iiuml)cr  ..I  .sijriiU'iits  as  the  iiiatuif  larva 
and  at  the  aiiti-riiir  I'lul  nf  the  viTtral  surfaii'  i.f  iac;li  nf  the 
(jostiriur  i.ijrht  »xiiK'tits  thfiv  is  a  spiny  ari-a  (syi,).  The  piis- 
tin..r  rn.l  is  nl.liquoly  tnincati',  and  bears  cvntrally  the  ..rly 
opiiiinjjs  ,,r  (he  two  l.piigitudinal  tracheal  trunks,  each  trunk 
"IX'niiif.'  tc,  the  exterior  by  a  piir  ..f  small  (,l)li,|iie  slit-like  apr- 
tures  situated  on  a  small  promini'tice  {p.ap.l  There  are  no 
anterior  spiracidar  proi-essi-s  in   the  first   larval  stajje.     The  oral 


Flo.  39.    Lar\a  shortly  aftei  Initcbinf,'  (Ist  ins^jiii. 

/«.».  Mandibular  sclerite.  p.,p.  Posterior  spimelo  miacd  on  sliort  tubercle 

*p.  Spiniferoiia  pad. 

lobes  are  relatively  larjre.  and  on  the  internal  ventml  sinlace 
of  each  there  is  a  small  T-shap«l  .sclerite,  the  labial  sclerite 
(«K-  57,  t.8.).  These  selorites  lie  lateral  to  the  tiilcitbrm  inan- 
dibi'lar  sclerite  ()«.».).  The  cephalo-pharyngeal  skeleton'  of  the 
first  larval  instar  is  slender  and,  in  addition  to  the  sclerites 
already  mentioned,  consists  of  a  piir  (,f  pharyngeal  sclerites  or 
plates  a.p.)  deeply  incised  posteriorly,  fbrming  woll-pronoiinced 
dorsal  ,irul  ventral  processe.s.  The  lateral  plates  are  connected 
antei-o-dorsidly  by  a  eiirvi'd  dorso-pharyngeal  sclerite  (rf./j.s.). 
The  anterior  edges  of  the  pharyngeal  plates  are  produced  ven- 
ti-illy  int..  a  pur  of  sli-nder  processes  (A.s.),  the  anteri,)r  portions 
of  these  proces.ses,  which  represent  the  hyppstomal  sclerite,  are 
'  The  ceplialo.pliaryiigeal  skeleton  of  tbe  mature  larva  i«  described  on  page  134. 


I.ABVAL  STAfiES 


iiiV"lmi.  .111(1  artieiilatr   with   th.. 

""•'"'"•v  ''"""l  "f  thi-  Hixt  larval 
th; 


niaiidilmlar  w|, 
tar  is  niativi'lv  «h. 
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lite.     Th.-  ali- 


'  "t  th,.  adult,  aii,l  ™,i«.,|,„.,„|y  i,  i,  ,„„  ^, 


atiT 


tha 


-"•liraiy  Klan.l,  aiv  pn,,„r,i,>nat,.|.v"  lai^. 


(•"Iiv.iluti'il;   thi. 
.  r-   ,.  .iioiiatciv  laixi'. 

Ihr  hr,t  iaival  instar  ,„av  mal,.,,,,,  ..^.jj.,,-,  .,,  ,.,„.,.  ,    , 

u,.at..,.ha.hi,i«,,.atiti.,; i,,tt tA:./;:;;:;;:,  z  ^ 

«".-a.U.an,.th..|a,.va,,,,t,a.,vl,,J\     ■;,,'"':,  r*^- 
cvi.lml"-pha,y.iK,.al   «.l..,it,.s  which    aiv   attach,.,/;,,      „ 

^^  n„        th,    ,,„K,.t,Kla..al  ,,„.t„„i  „,•  ,h..  ali,„„„ta,.y  tiao.    is  ais„ 


ne  second  lannl  rtuge  ,„■  ,«■««,/  ,W,„. 

.•<l«Hicr  ,„  |,„.„.  than  that  „f  the  K..t  i„,„.,        ,  '  j^ "     'T 

«.phaN,.pha„.,.„.a,sk..|ct,.„,„  th,.  matu      Lva     .^^r^';!  !  " 

that.  inth,.,„at„..  1^   i     T      .^  r;"'  'T^'"""  """  "'™''"- 

;;;;i>si.i..t..ty.,,i..h;a.:^:tr;:::p:::;-y-"^ 

hut  unci..,.  c„„l,.,.  «m,liti„ns  ,„.  with  a  dcficiencv    7  ^' 

f^-""'  '»  P "^-I  an<l  may  tak..  s,.v,.,.aM:;.::'         '""  ""■ 

The  third  Im-val  H.„je  or  third  i„star.     (Fig  40) 

L-.nac  .ncubati.,1  at  a  t..rnp,.mtu.- .  „f  'iVr  , 

l'"vai    Htag,.   a,Kl    pupat..    i„    thrc         ,;    ,.  h  """^t"'   ''"' 


I,  I- 


|l:. 

!ii!i 
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Iiiitilnitiil  liir^iu'  coiimkI  Hilling  iit  the  eml  iif  thi'  in'CdnH  dny 
III'  thiM  hUk>:     Thi'v  ({""'""'Lv  iiwiiiiu'  a  cri'iimy  cnloiir,  which 


Fin.  10.     Mature  l«r>«  ot  .17.  ili»iir>tlr>t. 
.1../'.  Anterior  spimcularprocem.  nii.l.  Anal  lobe.  >li.  Nnlni(eroui>  pul 

I— XIII.  Body  neKinentd. 

ciiliiiir  iH  due  to  thf  Inigu  di'wliipnunt  of  the  tiit-lxKly  anil   to 
thi'  histolytic  changes  which  ari'  taking  place  intimally;  larvae 

trip 


pap 


Flo.  41.    Pupal  case  or  piiparium  of  .V,  ilomrttica  from  which  the  imago  liaa 

emerged,  thus  lifting  off  the  anterior  end  or  "  cap  "  of  the  pupa ;  ventro-lateral 

aspect. 
a.tp.  Hemains  ot  the  anterior  spiracular  process  ot  lari-a.  J.lr.  Remains  of  the 

larval  lateral  tracheal  trank.         n.»p.  Tfiuponiry  spiracular  process  of  nymph. 

p.'p.  Remains  of  the  posterior  spiracles  of  larva. 


I'I'PA 
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ilii««.ctf<l  lit  thJH  DUxgv  contiiin  n  viiy  liirf{v  iimiiiiiit  ..f  tiili[)i«<' 
tiiwu,.  ci-IK  Bi'twi-..!!  the  thini  mid  (mirth  day  thr  larva  cmii- 
tnictB  tii  tlinii  thr  pupil  nr  piipurium. 

The  larvae  cif  the  himw-Hy  ar..  stnm^'ly  ii.fjativily  h.lintrt.pie 
anil  iiu.vc  rapidly  away  fmin  ihi'  liffht,  n»  Lk.1i  (IH!M)')  aUi  pn.v.il 
in  thi'  caw  nf  thu  liirvai-  of  thi'  lilnw-Hv. 


The  Pupa  ok  Pufabiim. 

Thi-  priKTNM  lit  piipiitiiin  may  hi'  ciiiii|,lit<Kl  in  sn  shcirt  a  tiiiic- 
an  SIX  hiiiirn.  The  larva  unntractH,  thv  aiitirinr  iiiil  isiKciiilly 
iH'ing  drawn  in,  with  thi.  ivsiilt  that  a  lylindrinil  pupal  <a».'  .ir 
piipiirinm  is  tl.rmid  (tij;.  41),  the  imstiiior  riginn  IhIiij;  mit 
slifthtly  larjrir  in  diamrti^r  than  thi-  aiitiiii.r;  thi^  antiri.ir  ami 
IxwtiTiiir  rxti-i'mitifs  an-  evrnly  imindid.  Thi^  a\fiaj;r  Irnfrth  ..t 
the  pupa  is  tl-3  mm.  Owinj;  to  the  withdrawal  ,,f  the  anterior 
segments  the  anterior  spinicular  ]iriiees»es  («.«/).)  are  now  situated 
lit  the  anterior  end,  and  the  [losterior  spiracles  (/).»/).)  toriii  two 
Hat  button-like  prominences  on  the  [insterior  end.  The  pii|ia 
changes  tiiim  the  cn-aniy-yellow  colour  of  the  larva  to  a  rich 
dark  brown  in  a  few  hmiix  .\s  the  last  larval  skin  has  formed 
the  pupal  case',  it  U^ing  a  coai^-tate  pii[)a.  In  addition  to  the 
persistence  of  the  spiracular  proces.ses  the  other  larval  features 
such  as  spiny  loconiotory  |iads  can  Im^  seen. 

During   the    firet   twelve   h ^  or  so  of  puliation   the   laiva 

loses  its  tracheal  system,  which  appiam  to  !«■  withdrawn  anteriorly 
and  posteriorly,  thc^  latter  iiKiiety  being  the  largiT;  the  discarded 
larval  tracheal  .system  lies  compressed  against  the  interior  of  the 
pupal  case  (l.tr.).  Communication  with  the  external  air  is  formed 
for  the  nymphal'  developing  tracheal  system  by  means  of  a  jiair 
of  temporary  pupal  spiracles,  which  apjiear  as  minute  spine-like 
lateral  projretions  k'tween  the  fifth  and  sixth  segments  of  the 
pnpiil  ca.se  («.«;,.).  Each  of  these  commiinicati^s  with  a  knob- 
like  spimcular  process  (fig.  42,  ii.sp.).  attached  to  the  future 
prothoracic  spiracle  of  the  Hy.  The  proctodaeal  and  stonii«laeal 
portior     .if  the  alimentary  tract  are  also  withdrawn,  and  with  the 

'  The  word  "nympli"  is  uscil  here  to  denignate  that  suige  in  the  development 
whith  begins  with  the  appeamnce  of  the  ronn  of  the  future  Hj-,  and  ends  when  the 
exchigion  of  the  imaf^-o  takes  place. 


i 


m 
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liitt.'r-  ihf  (•■•|)ha|..-|)haiviwul  !.kil.t..ii,  which   liii  mi   iis  nIiIi'  mi 
thi'  v.iiiml  siilr  .,1  ihi'  iiiit.ii.ir  iml  i,t  |hi>  |m|iii|  nix-, 

Th.'  hi»l..j{(iii«is  ,,(  thr  iiyiii|ih  i«  ixtiinifly  ra|iiil  iiiiil  iit  the 
.11.1  .il  iilxiut  thirty  t,,  ll.ily-.iKht  h.Miix,  in  niiiiilly  rl,.vil(.|.iiij{ 
s|)iiiiii,iis,  th.'  iiyiiiiih  hiis  ivik  IhiI  <\,r  »tair,.  ,.|  il,vili,|iin,.nt  »hciwii 


■n»p 


Km,  fi.  "Nyiuph"  r>(  .17.  ilinuMuii  dissected  oul  o(  punul  rase  about  :«  hours 
after  pupation. 

"11.  iSwellinin  ot  njimplul  slieath  marking  bases  ot  antennae.  or.  Coxa  of  leu 

til.   Ubial   portion  of  proboscis  slieatli.  Ibr.   I,abral   portion  ot  same 

ii.'f.  Spiracular  process  of  nympli.        ir.  WinK  in  nynipliaF  alar  sheath. 

Fiii.  4a.  Head  of  "nynipli"  (about  4s  liours  after  pupation).  Enclosed  in 
njmphal  sheath.     To  sliow  tlie  development  ot  the  imuKinul  proboscis. 

<i«.   .\ntenna.  v.,.   Compound  eye.  (av.   Kacialiii.  Inl,.   Ubruni 

m.r.i,.  .Maxillary  palp.        ...(.  Oral  lolie. 

ill  ti),'.  42,  in  which  ni.wt  (if  tlu-  jOTits  nf  the  liituiv  Hy  rail  bf  di.^- 
tiii},'iiishe(l  althmigh  thi-y  aic  cnshcathwl  in  a  pnitccting  nymphal 
iiiciiiliranc.  Pcivz',  in  his  ilcscripticiii  nf  thi'  iii.-taium-phosiH  of  thr 
bliiw-Hy,  (lin'H  not  divide  the  nymphal  piTiisI  iiitci  two  siicccssivi. 
phases  .if  histdlysis  and  histiigmicsis,  as  he  finds  a  piiigicssivc  siib- 
.stitiitiiin  takes  place  and  the  beginning  cif  histugene.sis  actually 

'  Arch.  /.wU  Kiptr.  IV.  pp.  1—274,  1»I0. 


riPATInS 


107 


|.iiiiili.»  ihiil  III'  lii»tiily»i^.  Till'  |«iitx  that  ilitoipinar  ihiiiiif;  lliis 
liliJlkillK-iliiUli  piiK-iHi  ill!'  till'  |»lll^  lllimt  »|)<riali~il  l"|-  larval 
lili  ;  ihi'  |«iil«  llmt  aii-  laiilt  ii|i  iiitii'ily  i/e  noru  fmiii  I'liilii'viniic 

hiKtiilllantn    all'    till'    |iail!<    liiiml     K|ii  rialisi'il     liir    ailllll     till'.       Till' 

It'sH  Hpt'ciali^Mil  (lait^.  which  arr  nini'i'  [ilaHtir,  an'  ifiiryaiiiHi'il 
III  litii.  Thi'  iiii|iiii'laiii.'i'  lit  iihaj{iK'vlii»i»,  which  siaiii'  ulwrn'is 
have  iliailitiil,  in  iiiiphaMisiil  liy  I'iU'z'h  ililailril  ami  cunhil 
clmly.      The    hcml   (Hjj.   4:)).   which    with    the    thiii'a\    ha»   Ihiii 

ti'ii I    hy   the   evei-xiiiii   111'   the  cephalic  ami    thmaeii'    imaKiiial 

ili>c»  rrmii  their  wicm,  in  relatively  larfje :  twn  small  tnlHrcIo  (i/ii.) 

mark    the    llanen   iif   the   alllellllae.      The    pI'iilKiM'ir.    in    elicliineil    ill 

a  iai');e  flat  nheath.  which  at  thin  p<'rii«l  apin'iim  tii  lie  ilintimtly 
iliviileil   into  laliial  (tig    42.  Ihr.)  ami   laliial   {lli.t  |iiirtiiiiin.     In  a 

nhiirt  time  the  |)altn  lit'  the  pl'iil>iin<'in  are  nei'll  tii  ilevilup  ill  thew 
nheathn.      The   I'ellliiral   ami    tillial   ne^'lllellln  nl'  the  h'j;n  ale  cliinelv 

ailprenned  ami  lie  within  a  niii^le  nheath.  The  win){n  (ic. )  ap|H'ar 
an  nae-liki'  ap|M'mlaKi'n,  ami.  an  the  nymphal  nhealh  nl'  the  wiiij{ 
(liK'n  nut  1,'i'iiw  iM'ycinil  a  certain  nize.  the  wiiijj  ili'veliiiw  in  a 
nlijjhtly  eiiiinilateil  I'anhii.ii  liy  nieaiin  ..)  ;•  t',,|i|  which  ap|H'ai'n  in 
the  ciintal  iiiai'jiiii  a  nhmt  ilintance  I'liiin  the  a|M'x  nf  the  wiiij;. 
With  a  ciillntant  tem|H'llltui'e  nf  almilt  'Mi  ('..  nr  even  lenn. 
the  I'xcliisiiiii  111'  the  iiimj;()  may  take  place  iMtweeii  the  thini 
and  tiairth  day  alter  pn|iatiiiii,  Imt  it  is  mme  imuallv  liair 
or  five  davK  118  the  larvae,  when  alnuit  tn  pii|)ati',  leave  the 
hiitter  imrtiiiii  nf  the  inann  in  which  they  have  Ik'cii  tiiilinj; 
and  piiiiate  in  the  niiter  cc«iler  imrtiinin  nr  in  near-liy  cnvicen 
nr  niiil,  etc.:  this  niitward  mi^ratiiin  iiiav  !»'  a  pnivinion  liir 
the  moil'  ea.ny  eniei'(,'i'nci'  111'  the  excluded  tly  liiini  the  larval 
nidus'.  In  .mime  ClUsen  the  pii|iai  stafje  lantn  seveiid  weekn.  I 
have  never  niieeeeihil  in  keepiiij;  pii|iai'  thrnujjh  the  winter. 
as  I  have  Ihh'Ii  able  tii  keep  the  pu|)ae  111'  Stuiiioxiix  ailritniim 
and  other  tonus,  althoii^'h  atteiiiptn  were  ri'|>eati'dlv  made. 
I  have  tiiiind  no  reennl  ot  other  iiivestif;atoi's  who  have  siicceeileil 
ill  keeping  living  piijiae  of  ,]f.  dontestira  thrmigh  the  winter  under 
natural  conditions,  it  in  fair  to  a-nnuiiie  that  the  winter  in  never 
pas.neil   in  the  pupil  state. 


m^- 


'  I  have  found  puptihu  ut  ti  distuucc  nf  twn  ffft  fm 
the  lanae  fed  »nd  at  a  depth  ot  nine  indies. 


i  he^p  in  whii-!'. 
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Emehgenle  ok  Adult  Fly. 

When  about,  t,i  oiniTgc,  thi'  fly  pnshos  „ff  thi'  anterior  on.l 
of  the  pupil  case  in  dorsal  and  ventnd  ijortions  by  means  of  the 
inflated  fi-ontal  sjic  or  ptilinuni,  which  may  be  seen  extruded  in 
front  ..f  th..  head  above  the  bases  of  the  antennae.  The  splitting 
of  the  anterior  eii<l  of  the  pnpid  case  is  (juite  regular,  a  cireidnr 
split  is  toruied  in  the  sixth  segment  and  two  lateral  splits  are 
formed  in  a  line  below  the  remains  of  the  anterior  spiracular 
pnKiesses  of  the  larva,  se,.  tig  41.  The  fly  levere  itself  up  out 
.>f  the  barrel-like  jiupi  and  leaves  the  nymphal  sheath.  With 
the  help  of  the  fnmtal  sao,  which  it  alternately  inflates  and 
deflates,  it  makes  its  way  to  thi'  exterioi-  of  the  heap  and  crawls 
.ibout  while  its  wings  untold  anil  attain  their  ultimate  texture, 
the  chitinous  exoskeleton  hardening  at  the  siinie  time;  when 
thi'se  processes  are  c.implet<>,  thi-  perfect  in.seet  sets  out  on  its 
career. 

In  ca.ses  where  the  larvae  have  entered  earth  to  pupate,  as 
they  fre(iuently  are  accustomed  to  do,  or  where  the  breeding 
material  has  been  covered  with  earth,  the  emerging  flies  are  able, 
with  the  iissistance  of  the  ptilinum,  to  crawl  thi-..ugh  the  over- 
lying soil.  Stiles  and  McMiller  (19U)  .showe<l  that  if  faecal 
material  containing  fly  larvae  is  buried  uniler  .sand  to  a  depth  .>f 
toi-ty-i'ight  to  seventy-two  inches  the  larvae  will  crawl  up  and 
pnpjite  near  the  surfiice  and  emerge. 

Sl!.M.M.\BY   OK    l)UH.4TIOX   OK   THE    DEVELOI'.MENT. 

If  the  foregoing  results  which  wer.'  obtiiined  at  Manchester 
during  the  sunnnei-s  of  1905  to  1!)09  be  summarised,  it  will  be 
found  that  the  shortest  time  occupied  by  M.  domestica  in  pa.ssing 
through  the  different  stages  of  its  development  was  ivs  follows: 
•'Kg-  i^^'ght  hours;  Hrst  larval  stage,  twenty  hours;  .second  larval 
stage,  twenty-four  hours;  third  larval  stage,  three  days;  puiw, 
three  d.-iys,  giving  a  total  time  of  eight  days  four  Hours  as  thJ 
shortest  pericHl  which  could  be  obtained  under  exjjerimental  con- 
ditions tor  the  duration  of  the  whole  lite-cycle.  It  is  unlii.ely, 
however,  that  in  the  hottest  weather  the  development  would  be 
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..ecnmplish,.,!  i.,  1,,.„.  ,h„ri  nine.  .lap.  Th..»..  ,„i„i,„„m  peri.Kis 
aiv  the  resul  of  a  b.ig.j  «■,  ,t.»  uf  i-xpfrinients  in  which  it  w,is 
a  more  comiL  .,.  ..ccuvrenct  ti,  have  a  batch  „f  huvae  develdpiiur 
in  ten,  fifteen  .;!■  •.■'■.■'■i,v  (Says. 

The  internal  tempeniture  „f  th..  breeiling  places,  s„eh  as 
manure  heajw,  would  tend  to  pi-,«luee  a  shorter  piTi.Kl  „f  deveh.p- 
iiient  than  might  be  obtained  with  the  »,ime  air  temp^.ratinv 
under  expiTunenttil  cumlitions  where  smallei-  ipiantities  of  to.Hl 
material  are  used,  and  this  fiict  should  be  remember,-!  in  .reue- 
ralhsmg  from  experimental  results.  It  is  ilifficult  to  experimentally 
nnitate,  except  by  incubation,  such  natural  conditions  as  occuV 
m  a  mainue  heap  or  privy  midden,  where,  owiig  to  the  larger 
amount  of  material  conserving  an,l  probably  prulucing  heat  a 
higher  caistant  temp,-ratur,.  is  uiaintaine.1.  All  experimental 
.■esults,  exo.pt  those  of  incubation,  tend  to  giv,.  a  long  rather  than 
a  short  nite  of  developuient.  In  uiany  cases  where  the  avenen- 
temperatur..  was  20' C.  but  th,-  to,Hl  material  rather  dry  th,. 
<levelopm,'ntal  i)e.ri,Kl  was  ab,.ut  thr,.,.  we,.ks,  an,l  wh,-r,.  th,. 
temperature  was  low  and  the  f,H«l  became  drv  it  ,.vt,.n,i,.,l  t..  .is 
much  as  six  weeks,  th,.  g,.,.ater  tin.,,  being  s'p<.iit  in  the  p,i|nil 
state,  which  was  s,.ni,.times  ,,f  thr, r  four  w,.,.ks  ,lui..iti,pii. 

Th,.  minimum  [x.ri.Kl  obtain,.,!  by  Xew.stead  (1007)  in  his 
observations  in  Liveri)ool  was  ten  to  fourteen  davs  from  th,. 
delfosition  of  the  egg  to  the  ,.mergenc<.  of  the  a.liift. 

Griffith  (1908),  expi.rimenting  in  the  south  of  England  at 
Hove,  ,)btaineil  as  his  shortest  times  ti.r  the  life-cycle  of  the 
hoii.se-fly  four  and  a  half  days  to  six  .lay,  fr,a,.  egg  to  puiw  and 
three  and  a  half  days  from  pii,«  to  a,lult  fly,  giving  a  miniimim 
ot  eight  days. 

Reference  has  been  previously  ma.le  to  the  observations  in 
the  United  States,  of  Packari  and  Howartl.  The  tbriiier,  w.irking 
at  Salem  in  Massachusetts,  gave  as  the  minima,  or  the  piiibidil,. 
minima:  egg,  twenty-four  hoiii-s;  first  larval  stage,  twenty-tour 
honra ;  second  larval  stage,  twenty-fonr  houra ;  thinl  larval  stage 
three  days;  pupal  stage,  five  .lays.  The  shortest  time  for  th,' 
development,  therefore,  was  ten  days. 

^  The  shortest  time  obtaineil  by  Howar.1    in  August   189,5  at 
Washington  was  ten  days,  as  alrcivdy  shown. 


I    :\ 
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HiTins  (1!)11)  Mtatvs  that  in  Bi'ikrk-y,  (Ciilifiniiiii),  whtw  i!k- 
U'liiiK'niture  is  mrely  abcivc  SO'F.  with  ii  iiu-an  tcmpcratmi-  .if 
48°  F.  (luriiij;  thf  winter,  the  (li'vi-lopniont  is  coniplcti'd  nsiially 
in  tiuni  fcmrtc'-n  t.i  eighteen  days,  less  nftun  in  twclvf  days. 

In  India,  at  Bcnan-s,  Smith  (1907)  gives  the  rate  i.f  devel..))- 
nient  cif  M.  doiiieatiai  in  horse-manure  as  eight  days. 


Factors  goveknino  the  Dkvelop.ment. 
Temperatitre. 

The  rate  iifdevelnpiiient  di-jK-nds  primarily  ciii  the  temperature 
•  if  the  substance  iin  which  the  larvae  are  feeding.  This  tempera- 
ture may  be  recUieed  from  without,  tor  e.xaniple,  by  the  temi»rature 
of  the  suiTouuding  air,  or  increased  from  within  by  such  a  lieat- 
engendering  agency  as  feiioentation.  The  iuHuence  of  a  high 
temperature  was  shown  m  my  experiments,  in  which  batches  of 
hirvai'  were  reared  in  horse-manui-e  kept  in  a  moist  condition 
in  an  incubator  at  a  constant  temperature  of  3.5°  C.  At  this 
temperature  the  development  was  completed  in  eight  to  nine 
days.  Urirtith  (I.e.)  timnd  that  the  life-history  was  completed 
in  the  sjime  time  on  rearing  larvae  in  an  incubator  at  a  high 
temperature  of  about  22°— 23'  C.  I  found  that  a  higher  tem- 
l)erature  of  40° C.  was  too  great  for  the  larvae;  they  wen-,  as 
it  were,  cooked  and  perished  at  such  a  temperature. 

The  observations  of  Smith  in  India,  which  have  been  quoteil, 
indicate  the  shortening  efl'ect  on  the  life-history  of  a  high  tem- 
perature under  natural  conilition.s. 

In  the  rearing  experiments  which  were  canied  out  in  the 
ojK'n  air,  and  under  natural  conditions  with  ivgard  to  variability 
of  temperature,  I  fijund  that  larvae  reared  in  horse-manure  at 
.111  average,  though  not  a  constant,  daily  temperature  of  22-.5°  C, 
occupied  from  fourteen  to  twenty  days  in  their  development 
according  to  the  air  temperature. 

The  eft'ect  of  the  temperature  on  the  devi'lopment  is  a  direct 
one  and  aft'ects  all  stages  from  the  egg  to  the  pupa.  To  test 
this  question  Cully  a  series  of  expiTiments  in  which  the  develop- 
mental  stages   overlapped   each   other,  some    being   in    the   egg 
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«t«g..  whiU.  „tht™  w,.„.  in  th,.  larval  a„,l  ,,„,m1  stajj,.  «,■,•,• 
plottol  „„t  on  a  chart  toKHhvr  with  th,.  ,„,,»,  t,.nnH.rat,nvs 
ami  It  waN  clrarly  .shewn  that  wh,  ivv,r  a  ■■cntinn.ai.s  hi.rh  t,n,- 
peraturt.  ,«cnrr..,l  th,«.  was  a  c-nm-s,„„,linj,  sh„rt,.ninL'  ..f  th.- 
pirt.fular  staj;..  „f  .l..v..l„pn„.nt  an,l  vice  verm,  wh,.,,  thv  t,.,„- 
lK.mtnr..  was  l,,w  ,h>.  tinu.  „f  all  th.  .stairs  was  l,.„gtl„.n,.,l ; 
th,s  mehul,..!  th,.  thr,.,.  larval  st.,jr,.s  which  uvr,.  sh„rt  „r  |„„,. 
acc.nhnj,'  to  the  t(.nipt.iiitiiiv,  " 

(iritKth  (I.,:.)  also  tonn.l  this  to  b,.  th,.  cas,.  in  his  ,.xp,.ri„.,.nts 
ami  his  observations  on  th,.  subject  at,.  „f  ii,t,.ivst.  H,.  stafs- 
•■\\h..n  th,.  larva,>  wvrc  k,.pt  in  prop.r  warn.th  until  th,.v  torn,,-,! 
pnpi,..  th,.  fl„.s  came  „„t  ev,.n  in  a  rath.'r  col.l  t,.M,,«.rannv  an,l 
MU.ekly  ,n  th,.  warn,.     When  th,.  larva..  w,.r,.  k,.pt  .-ool  a„,l  th,- 

pupfie  warm,  .som,.  Hi,.s  came  ,ait  but  all  wer..  small ;  ■    has  1 „ 

a  regular  occnrrenc,.  that  cold  surn.unilings  an.l  pl,.ntv  ,,f  t;„„| 
hav..  pr,»luc...l  .snmll  Hi,.s,  if  any.     Such  small  Hi..s  ar,.  "incapable 

o    repn-luctmn:   an<l   h.^rein   is  s,.,.n   th,.   wi.s,!,, f  Hi,.s  Lin.. 

able  to  lay  m.ire  than  on,,  batch  of  ,.ggs." 

Character  of  larval  food. 
The  effect  of  the  character  ,jf  the  (ImhI,  on  which  the  rat,,  of 
,level„pme„t  also  (lepe.„,ls,  is  w,.ll  shown  by  a  comp.ri.s,,,,  „f  ,he 
tim,...:  „t  the  .levelopmeiital  ,x.rio,l.s  in  two  of  the  experiments 
where  the  average  daily  t,.n,p<.ratnre  wn.s  practically  th,.  same 
nmnely  19.3'C.  an.l  205°  C.  In  the  former  expe.riment  in 
which  human  faeces  were  used,  the  development  wa.s  completed 
m  twenty  days,  and  in  the  latter,  in  which  bananas  were  uscl 
the  development  occupied  twenty-.seven  ilays;  the  time  was  r.ith,.r 
lengthened  in  both  ca.ses  by  the  tiict  that  the  larval  to,Kl  was 
rather  ,lry,  but  equally  diy  in  both  ...xpe.riments  as  they  w,.r.. 
kept  together;  had  more  moisture  been  present  th,.  tim,.s  wouhl 
pr,)bably  have  been  corresixmdingly  shortened. 

Desiooatiun. 

It  was  ,.xpe.rimentally  proveil  that,  when  larvae  were  rear,.d 

I.,   biitches  on   the  .same  kind   of  tbod  material   with   cjn.litions 

as  regiinls  temperature  the  Siiine,  the  developmental  peri.Hl  wa.s 

Linger  lor  those  larvae  which  were  subject  to  dry  conditions  than 
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tor  thuM.'  Nubji'ct  tt>  moiHt  conditions.  In  an  experiment  at  an 
average  temperature  ot'22°C.  larvae  reared  on  horHt'-manure  which 
was  kept  in  a  rather  dry  condition  t<M)k  thirty  days  to  complete 
the  development,  and  another  biiteh  at  the  same  temperature, 
but  on  horae-mannre  which  was  kept  muist,  the  development 
was  completed  in  thirteen  days.  Under  similar  conditions,  with 
reganl  to  temperatuif,  the  rate  ot"  development  is  directly  pro- 
pirtionul  to  the  c<mdition  of  the  tiMnl  as  rej^inls  moisture.  Dry 
conditions  not  only  retarded  development  in  some  of  my  exjieri- 
ments  to  five  and  six  weeks,  lut  also  tended  to  prmluce  flies 
of  sub-normal  size.  Moisture  ii  necessiiry  (or  the  development, 
and  if  the  IImmI  becomes  too  dry  the  result  is  fatal,  as  the  larvae 
[H-rish. 

Fermentation. 

A  fourth  and  a  most  imp<»rtant  factiir  attecting  development 
and  i>ne  intimately  connecte<l  with  the  previous  fiictoi-s — tempera- 
ture, character  of  foiMl,  and  moisture — is  that  of  fermentation,  to 
which  reference  has  already  been  made.  This  process  apjx'ai-s  to 
take  place  in  the  .substaiices  on  which  the  larvae  best  subsist. 
Whether  the  suitability  of  the  food  is  determined  by  the  nature 
of  its  fennentation  is  a  point  which  I  was  unable  to  determine, 
but  which  I  am  inclined  to  believe.  I  feel  certain,  however,  that 
the  calorific  pro|K'rty  of  fermentation  is  the  most  important  part 
of  this  process  on  account  of  its  direct  relation  to  the  time  of 
development ;  the  endogenous  heat  of  excremental  products  and 
decaying  substances  acting  either  in  addition  to,  or  independently 
of,  the  temperature  of  the  surrounding  air  is  of  great  advantage 
in  accelerating  the  rate  of  development. 


Sexual  matubity. 

On  account  of  the  importance  of  knowing  how  long  a  period 
elapsed  fi*om  the  time  when  the  fly  emerged  until  it  became 
sexually  mature  and  deposited  eggs,  I  made  attempts  to  carry 
flies  through  to  the  second  generation.  The  difficulty  of  keeping 
flies  alive  in  captivity  has  already  been  referred  to  in  discussing 
the  longevity  of  Jf.  domestica.  In  one  experiment,  however, 
I  succeeded  in  obtaining  flies  of  the  second  generation.     It  was 
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fmmrl  that  th.;  fl,e»  b,.ean,..  «.x„ally  ,„„t,„v  i.,  t..„  ,o  f„„rt....„ 
<lay»  aftvr  their  r,n.,->r,„„.  ft,,,,,  ,he  p„,«,l  s,a,o  an,l,  f,„„.  ,lav„ 
after  o„,.„lat,,,n  th..y  be^an  to  .lej^.Mt  their  eggs,  that  is,  fr„m 
the    ourteenth  ,lay  ,.nwani.  to  the  time  of  their  e.nerKence' 

As  th»  expemaent  was  an  i>ni,.„-,ant  o„e,  it  will  be  of  ge„eral 
.merest  to  g,ve  the  ,letails  as  reco,xl,.,|  in  „,y  notes. 
£.rpmme„l  teria  A'o.  B.2.07 
Larvao  reiLreil  o„  hunmn  oxcrement  which  waa  purposelv  ,,n.,wed  t,,  drv 
..l.i  the  t,mc  of  development  of  thi,  series  was  twenty  days.  ^ 

21  August,  1907.     First  fly  emerged. 
^  "  All  flies  had  emerged. 

From  this  date  onward  they  were  given  fresh  horse-manure  daily 

a.s  rvlVT'^Tu  ?'"'"""'  """I»™«"-"-'  »f  the  sueceeding  days  were 

a.s  follows  (two  other  readnigs  were  taken  in  addition)  ■  i.      J  •<  were 


28  Aug. 

^    „ 

30  „ 

31  „ 

2  Scj.t. 

3  „ 

4  „ 


-Max.  sun,  104°  K., 
T4  F., 
117    F., 

117  F., 
90  F., 
7a   F., 


ihade. 


97=  F, 

72  f. 

1U4  F.,  .Mil..  .10'  F 

7r,  F. 

89  F. 

84  F. 

74  F., 


F. 
47    F. 

•W  F. 
42   F. 


On  Sept.  4th  the  following  note  appears : 

"Flies  from  B.2.07  seem  very  lively  and  healtl,v;  two  were  observed 
copulatmg.  f  the  average  date  of  emergence  is  taken,  namely  Aug.  ^.h 
they  are  on  the  average  10  days  old,  m  they  evidently  hecome  se- 1  Iv 

«i:::;irt.»"''  -- ' '--  -^  -^-^  ■"-  »^""-  p-^*"'^ 

On  bept.  9th  (Temp. :  Max.  sun,  108'  F.,  sha,le,  9(i   F,  Min.  -,&■  F  ]  larvae 

ZhT    /h"  "'°  ■"""■'",  «'™"  '"  *■»  *"-  of  "i-  ""  Sept.  4  L  u™ 
which  day  the  eggs  were  laid.  ' 

fnllvT.'T,'?  *"■  ""m  "^  °"'. """  "•"■^'  *"'"=''  "f  <■■■•■•«''  ■""'"'^'^  »«■'  very  cire- 

flie^rt::':™^^^""^ ""  -^^  ^'--^  '^^"«  «^-'  - "-  -.'^^ 


NU.MBER    OF   GEXEHATION.S. 

As  it  ha.s  be..n  shown  that,  uniler  tiuourable  conditions  as 
.eganls  temperature,  etc.,  Hies  may  .le,«,sit  eggs  about  the  four- 
teenth  ,laj    after   emergence    from    the    pupal    state,   it    may  be 

mentf  r,!'.;i'''l"T''''i"'T'''  ""'  ''"^"^'  <■''"■  ""*)  """  ™  »  »erie.s  of  e'^peri- 

ment,  came.1  out  at  Washinvlon.  D.C.,  U.S.A.,  in  which  ofec^tion.,  on  Ai„ 

II.   H.-F.  ^ 
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jiistifiably  assumed  that,  given  a  sjm'II  of  very  hot  weather  in 
which  development  could  he  accomplished  in  about  nine  davf*, 
the  progeny  of  a  fly  would  be  laying  eggs  in  about  twenty-three 
or  twenty-tour  days  after  the  eggs  from  which  they  were  hatched 
had  been  deposited  by  the  jKirent  fly.  Kemembering  that  a 
single  fly  may  deposit  from  100  to  150  eggs  in  a  single  Imtch 
and  that  (hu-ing  its  life-time  it  may  deposit  from  tbtu"  to  six 
batches,  it  is  not  difticult  to  account  tor  the  enormous  swarms 
uf  flies  which  occur  in  certain  localities  during  the  hut  summer 
months. 

Howard  (1911)  has  calculated  that  by  September  10th  the 
progeny  of  a  single  over-wintered  fly  which  dejxjsited  its  eggs 
on  April  15th  w.mld  nuudier  5.598,720,000,000— if  they  all  lived; 
but  they  do  not  all  live,  nor  do  all  the  eggs  hatch.  Nevertheless, 
these  calculations  serve  a  useful  purpose  by  indiciiting  in  a  gi-aphic 
manner  the  potential  fecundity  of  the  housu-fly. 

pre-ovi position  period  were  made,  the  period  wiis  found  to  be  seveml  days  less  than 
my  own  obaen'ationa  iniUeated;  thi.s  will  undoubtedly  be  found  to  be  the  case  and 
a  pre-oviposition  period  of  seven  layii  or  even  leiis  in  conceivable. 


CHAPTER  VIII 

THK   KXTER.VAI.  KKATLRES  OF  THE   Frr.I.-.mOW.V   LAIiVA 

The  external   ,.,,ix.am„ee  „C  the  aee,,hal„„>.  ,„„.ei,l  larva  ,„■ 
-."Kg,,t      ,hg.  40)    is    well-k„„w„.     It    i.s   cnieallv   oyli„,lnea 
Ihe  b,„lv  tape,.s  „ff  «,.a,|„a||,  t„  the  anteri,,,-  e„.l  ,n,;„  the  n,i,Ml': 
eRiun.     The  lister,,,,-  ,„„iety  i.s  eylin.lrieal,  and  except  {.„■  the 
u™,na    «.g,„e„t  the   segments   are  almest  e,„.a|   i„',|ia,„.,e^ 
Th     p,.sten,„.  en.    ,s  „bli,,„ely  truncate.     The  cuticlar  integu- 
-n.   -   . hv„le.I    l^v  a   nun.be,.  „f  rings;   this  ringe,!  cen.liti  „ 
»  brought  ab„ut  by  the   insertion  ,.f  the  segn.en'ally-arra  g 
-n>at,c   n,uscles   the   serial    repe,itio„    „f  .hfch  can   i,e  el"', 
.n.le.t.„„l  by  ,.e,crence   to  fig.  4«.     The  average  leng  h  he 

tull-grown  laiTa  of  M.  donwstica  is  12  n„„  ' 

the  bo,lj  ol  the  ,„„.sc-„l  larva  ,.s  a  debated  subject.  I  have  how- 
eve,  aken  as  „,y  criterion  the  an^gentent  J  the  so.uat^  1 
c  .lature.  Newport  ,1830)  cnside.ed  that  the  b.Kly  of  the  lar  a 
e.  .l/,«ca  vo,mtona  consisted  of  fourteen  seg.nents,  but  if  h 
^mtenor  pa-tton  of  the  thini  segn.ent,  that  ..s^„y  fi.t  1  -o^ 
.■gment,  ,s  .nch.ded.  the,,  wc-e  fiftee.,,,  to  wh.eh  v.ew  he  C-  d 
to  be  mcbned.     Counting  the  anterior  seg,„ent  or  "  head  "Ts    he 

;: ;i  !rrT" ''"'' "-" '"'''  --■''-  th-^,  the  b.;  i  o, : 

he^  r  "*-""'"'■"     ^"""^^  <''«^>  '•'  "'  'h^-  "Pini-n  that 

wo  L r:V7''Tv' '■" ''-'' ""-'  '■•"'  "•-■«■■"•"'■'' •"-''■  "p 

i;:r— :ri-7i:u:r:-^^^^^ 
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"  PHTiido-cuphaldii,"  lis  the  first  segment,  I  believe  that  it  is 
succeeded  by  twelve  post-oml  segments,  making  thirteen  body- 
si'giuents,  in  all,  which  is  the  usual  number  for  dipterous  larvae, 
as  Sehiner  (1862)  has  also  pointed  out.  My  study  uf  the  somatic 
nuisculature,  as  I  shall  show,  indicates  the  duplicate  nature  of  the 
apparent  first  post-ond  segment,  so  that  the  apparent  second  post- 
oral  segment  (IV),  that  is,  the  segment  posterior  to  the  anterior 
spiracidar  prcxiesses,  is  really  the  thirrl  post-oral  segment  or  fourth 
bmly-segment. 

The  cephalic  segment  cannot  be  considered  as  homologous 
with  the  remaining  twelve  segments,  which  are  true  segments  of 
the  botly,  as  shown  by  their,  mujoulature  and  innervation.  This 
segment  (fig.  44, 1),  for  which  Henneguy's  term  "  pseudo-cephalon  " 
is  very  suitable,  probably  represents  a  much  reduced  and  degenerate 
cephalic  segment,  its  present  form  being  best  suited  to  the  animal's 
mode  of  life. 

We  may  consider  the  greater  jmrt  of  the  cephalic  segment  of 
the  larva  as  having  been  permanently  retracted  within  the  head ; 
this  is  shown  by  the  position  of  the  pharyngeal  skeleton,  to  the 
whole  of  which  the  name  "  cephalo-pharyngeal  skeleton  "  ha.s  been 
given.  All  that  now  is  left  of  the  cephalic  segment  consists  of 
a  pair  of  oral  lobes,  whose  homology  with  the  maxillae  is  very 
problematical,  and  at  present  is  not  safely  tenable. 

In  an  interesting  and  very  suggestive  papiT  Becker  (1910)  has 
attempted  to  trace  the  gradual  development  of  the  "acephalic" 
condition  of  the  dipterous  larva,  such  as  we  find  in  the  muscid 
larvae,  from  a  larva  such  as  Simulium  which  po8ses.ses  a  distinct 
head.  He  shows  a  gradual  drawing  in  of  the  cephalic  segments 
and  the  chitinous  sclerites  covering  the  same  in  a  series  represented 
by  the  larvae  of  Ghironomua,  Stratiomys  and  Atherie  until  in  the 
nmscid  larva  the  cephalic  sclerites  are  completely  withdrawn  into 
the  anterior  end  of  the  larva  and  fonn  the  cephalo-pharj-ngeal  plates. 
On  the  dorsal  side  the  oral  lobes  are  united  posteriorly.  Each 
beai-s  two  conical  sensor)-  tubercles  («.(.),  which  are  situated,  the 
one  dorsjilly,  and  the  other  anterior  to  this  and  almost  at  the  apex 
ot  the  oral  lobe.  Becker  (U.)  adopts  Weismann's  nomenclature  in 
his  description  of  the  larval  head  and  calls  the  upper  of  the.se 
sensory  tubercles  the  antennae  and  the  lower  the  "  nutxillentrnter." 
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The  ventml  and  ventr.>-latc.ml  »..rK,cos  „tth..  ,>ml  l„bo,  n,v  th.v.M-s..! 
by  H  number  of  channels,  which  will  b..  .le.,eiib.Kl  later. 


i.  Lingual-like  process.        ,».  Mouth. 

The  post-cephalic  .segment,  which  i.s  comjwsed  of  th^-  first  and 
second  post-oral  segment.,  and  represents  the  second  and  third 
segments  of  the  body,  is  conical  in  shape.  The  f  ;t  post-oral  .,eg. 
meat  (U),  to  which  Lowne  gave  the  nan.e  "Ne,  ports  segment  " 
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in  limiU'd  p«»Hti'rinrly  by  a  tluHnitf  cnnHtrictinn  anil  is  cnvcrtHl 
with  tninuU'  Hpini'M.  Th*'  wcmwl  ixwt-nnil  ^tf^inrnl  Vk'HP*  Idtcmlly 
at  its  juiMtfrinr  IwinltT  thf  iintrriiu-  spiracnlar  pntcfHw-H  iii.Mp.). 
Tht*  rfiiiainin^  sf^iiu'iits  of  the  l»nly — iimr  to  twulvi* — aiv  on 
tht'  whoir  Himilar  in  MhajK'.  At  thi-  anterior  ni^v  itf  the  vt'iitml 
Midi'  of  each  of  tht-  sixth  to  twelfth  IxKly-Hegnu'nts  there  in  a 
crescentic  |m(|  (tij;.  40,  ap.)  iH-ariiig  minute  and  recurved  spines; 
these  are  locnniotory  (kads  l)y  means  of  which  the  larva  moves 
forwards  and  Imckwa'-ds.  It  is  ini|)ortunt  to  note  that  these  iwds 
are  situated  on  the  anterior  Iwtnler  of  the  ventral  side  of  each 
segment  as  they  do  not  ap[)ear  to  havi'  been  carefidly  placed  in 
some  of  the  previous  figures  of  this  s|X'cies.  In  addition  to  these 
spiniierous  [mkIs  there  are  two  aiMitioiial  pjids  of  a  similar  nature, 
one  tin  the  ^^':erior  b«inier  of  the  ventral  side  of  the  twelfth 
bo<ly-seginehi,  and  the  otiter  posterior  to  the  anus. 


Fig.  47. 


-cp 


FiQ.  46 

Fvt.  48.    Longitudinal  section  through  Ihe  surface  of  one  of  the  oral  lobes  of 

mature  Hrvi  to  show  the  food-channels. 
ch.  Fcwxl-channel.        ct.  Outer  layer  of  cuticular  integument.        ct'.  Inner  layer  of 

the  ^ime.        hy.  Hypodermis. 

Fio.  47.    Transverae  section  through  two  of  the  napillae  of  the  anterior  spiracular 
process  to  show  the  clear  central  lumen. 

e.p.  The  cuticular  processes. 

The  terminal  or  thirteenth  buly-segment  is  obliquely  truncate, 
but  the  tnincate  surface,  which  (tccupies  more  thjin  half  the  pos- 
terior end  of  the  larva,  is  not  verj'  concave  as  in  the  blow-fly  lan'a. 
It  bears  in  the  centre  the  two  posterior  spiracles  (tig,  61,  p-sp.), 
which  are  described  in  detiiil  with  the  tracheal  system.  On  the 
ventml  side  of  the  terminal  segment  are  two  prominent  anal  lobes 
(fig.  40,  unJ.),  which  are  impjrtai      igents  in  hx^omotion. 

The  cuticular  integument  is  thin  and  rather  transparent,  so 
that  in  the  younger  larvae  many  of  the  internal  organs  can  be 
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MTn  thriMijrh  it.  In  •Mvr  liirvac  thr  l»t-l).Kly  awiiuu's  liir^i'  pin- 
l«irtiiiii»  anil  j;ivt»  the  lana  a  t-namy  Hi)|xanmcf,  nbxcuriiij,'  thr 
inttriial  iirjjHiis.  The  cutii-li'  (Hk-  4(i)  is  ('iiiii|)iis<'il  i.f  an  niitir 
nithir  thin  layir  iil'  ihitiii  {ct.\,  which  i»  cintiniKius  with  thr 
chitinimx  intinia  uf  the  tmchiai'  anri  pnn't.Klacal  ivKinnx  mC  ihi' 
aliniintary  tract.  Bch.w  this  hiyir  thirc  is  a  thicker  lavi-r  nf 
chitin  {ct'.),  which  cI.ks  nut  .slain  si.  dciply.  In  places  this  Inwir 
hiycr  is  ]Mwtmtc(l  by  the  insiTticms  of  the  inasclis.  The  cuticle 
lies  III!  a  layer  nf  stellate  hyinxlennal  cells  (Ay.),  which  are  w.'ll 
innervateil,  ami  attain  a  lar^e  size  in  the  |).islerii>r  »e){iiients  nf  the 
Ixwly. 


; 


CHAPTKR  IX 

THK   INTKKXAI.  STRICTIKK  OF  THK   KfLMiHOWX   LARVA 

Muscular  System. 

The  iimnciihir  My.Hti'in  (if  thf  liirvii  cmiMists  •>(  n  Hcjrnu.ntiil  .scries 
of  repilarly  iviK-utcd  ciitiiiifnus  iimsclis,  fcniiiii);  mi  aliii,.st  cnn- 
tinuniiH  nhi'Uth  Iwncith  fhf  skin,  t,,j;i.th(T  with  «  s,.t  .if  i,„iscli's 
in  thf  unti'iii.r  si^jrni.'nts  of  the  biKJy  which  c.iitinl  the  (•.■phahi- 
phiiryngwil  scliiit.a  and  phai-yn.\.  In  addition  to  this  thiif  are  a 
set  of  cardiac  niiiseU-s  and  the  ninsch's  of  the  alimentary  tmct, 

I  have  been  unable  to  find  a  detailed  description  of  the  miiscidar 
system  of  the  nnisci.l  larva,  and  I  ilo  not  think  that  Lowne's  e.xciis.. 
for  dismis.sing  the  cutaneous  muscles  of  the  blow-Hy  larva  with  a 
very  brief  statement,  W-ause  "the  details  pos.>scss  little  or  no 
interest,"  was  justifie.1,  considering  how  little  is  known  about  the 
muscular  .systems  of  insect  larvae,  ami  constant  reference  to  the 
classic  work  of  Lyonet  (1762)  on  the  caterpillar  is  n..t  sufficient 
to  siitisfy  the  inquiring  student  of  to-day.  The  nuiscidar  system 
of  the  larva,  thi'refore,  will  bi>  described  in  some  detail. 


MiiM-len  ijf  the  limly-mall  (fig.  48). 

The  cutaneous  nuiseles  are  rejx'ated  fiiirly  regularlv  from  .seg- 
ments (by  segments,  I  mean  body-segments)"  (our  to  tw.^lve  and  a 
detailed  description  of  the  muscles  of  one  of  these  segmenta  will 
serve  for  the  rest.  The  muscles,  though  continuous  in  most  cases 
from  .segment  to  segment,  are  attached  to  the  bcxly-wall  at  the 
junction  of  th.  segments.  The  most  prominent  nuiseles  are  the 
dorso-latenvl  oblicjue  recti  nuiseles.      In  segments  si.x  to  twelve 
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there  are  four  pairs  each  of  external  (ex.d.l.),  and  internal  doi-so- 
lateral  obli<,ue  recti  (in.u.l.)  muscles;  in  segments  tlmr  and  five 
there  are  five  jrairs  of  external  and  six  pairs  of  internal  dorso- 
lateral oblKjue  muscles.  Ventral  to  these  muscles  are  (our  pai,-s 
ol  longitudmal  ventro-lateral  muscles  (l.v.l.);  the  muscle  banfis  of 
the  two  more  ventral  pairs  are  double  the  width  of  those  of  the 
two  more  lateral  pairs.  In  the  fifth  si-guient  there  is  only  ..ne  of 
the  more  lateral  pairs  of  the  longitudinal  ventro-lateral  "muscles 
present,  and  in  the  fourth  segment  only  the  two  more  ventral 
pairs  remam.  In  additi(jn  to  these  muscles  there  are  two  other 
purs  of  oblique  recti  umscles;  these  are,  a  pvir  of  ventro-lateral 
oblique  muscles  (i:l.o.)  and  a  p.ir  of  internal  lateral  oblique 
muscles  (il.o.);  both  of  these  are  absent  in  the  segments  anterior 
to  the  sixth.  The  foregoing  muscles,  namelv  the  doi-so-lateral 
oblique,  the  internal  lateral  obli(|ue,  the  ventro-lateral  obli,|ue  and 
the  longitudinal  ventro-lateral,  by  their  contraction,  bring  together 
the  intersegmental  rings  and  so  contract  the  body  of  the  lar^•a. 

Attached  externally  to  the  anterior  ends  of  the  l.mgitudinal 
ventro-lateral  muscles  are  a  number  of  paii-s  of  ventral  ohliipio 
muscles  (v.o.);   they  vary  in  number  from  two  to  eight  iBiiix  in 
each  segment.     The  number  increa.ses  posteriorlv  from  two  piii-s 
in  segment  fbur  to  fmir  pairs  in  .segment  five,  five'pairs  in  .segment 
seven,  seven  pairs  in  .segment  ten,  eight  piira  in  .segment  eleven : 
the  number  of  pairs  then  decreases  to  six  or  .seven  [wirs  in  segment 
twelve.     The  more  ventral  pairs  of  the.se  muscles  are  not  attached 
at  their  posterior  ends  to  the  intereegmental  ring  but  to  the  ventral 
wall  of  the  segment  and  no  doubt  assist  in  bringing  forwaml  thi. 
ventral   spiniferoiis  pads.     In  segments  four  to  twelve  there  are 
three  pairs  of   lateral  miLscles  «.»,.)  situated  next  to  the  hypo- 
dermis  and  attiiched  in  a  d.)rso-ventral  p<wition ;  these  will  assist 
in  drawing  the  doi-sal  and  ventral  regions  of  the  .segments  together 
and  so  increase  the  length  of  the  larva.     Betwen  segments  four 
and  five  and  the  remaining  segments  to  twelve  there  is,  on  the 
intersegmentiil  ring,  a  piir  ,.f  lateral  intei-segniental  muscles' (/...,«.>; 
these  by  their  contraction  bring  about  a  decrease  in  the  size  of  the 
intei-segmental  ring  and  so  assist  the  lateral  muscles  in  increasing 
the  length  of  the  larva. 

The  muscles  of  the  last  .segment  (XIII)  are  not  regularly  arranged 
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as  in  the  preceding  segments;  they  cimsist  iif  three  main  gimips: 

(1)  the  ri'Cti  muscles,  which  assist  in  cnntmcting  the  segments: 

(2)  the  anal  nuiscles  (un.m.),  which  are  attacheil  ventrally  t.i  the 
anal  lobes  (iiii.L);  and  (3)  the  dm-so-ventral  muscles  (d.v.),  which 
by  their  contraction  assist  in  lengthening  the  segment.  In  addition 
to  these  there  are  certain  small  muscles  in  relation  with  the  [kis- 
terior  spiracles. 

In  the  second  and  third  segments  the  recti  muscles  are  rediiceil 
to  four  [Kiirs  and  the  attachment  of  the  two  lateral  and  external 
pairs  of  muscles  has  led  me  to  regaiil  the  appirently  single  first 
post-oral  segment  as  consisting  of  two  segments ;  it  is  not  a  single 
post-cephalic  or  pro-thoracic  segment  as  it  has  been  called.  There 
is  quite  a  ilistinct  internal  division  and  the  external  constriction 
has  been  already  noticed.  Thjs  view  does  not  necessarily  alter  the 
homology  of  the  third  segment,  which  may  still  be  reganled  as 
pro-thoracic  if  this  is  desirable.  The  segment  which  I  regaiil  as 
the  second  bixly-segment  may  be  a  nidiment  of  the  cephalic  region 
which  has  been  almost  lost,  and  this  loss,  or,  sis  I  prefer  to  reganl 
it,  this  withdrawal  of  the  heiul,  only  serves  to  make  any  fliscu.ssion 
as  to  the  homologies  of  these  anterior  segments  with  those  of 
the  adult  extremely  difficult,  and,  I  believe,  at  present  valueless. 
Further,  comparative  studies  of  the  larvae  of  the  cidyptmte 
muscidae  are  neeesmiry  before  we  can  arrive  at  any  definite  con- 
clusions concerning  the  composition  of  the  bodies  of  these  larval 
forms. 

The  cephulo-pharyngetil  musden. 

These  muscles  (fig.  49)  consist  of  tlair  sets:  (1)  the  cephalic 
retractor  muscles,  which  by  their  contniction  draw  the  anterior  end 
of  the  larva  and  the  pharyngeal  ma.ss  inwards ;  (2)  the  protracti  ir  and 
depressor  muscles  of  the  pharyngeal  mass;  (3)  the  muscles  con- 
trolling the  mandibular,  dentate,  and  hypostomal  sclerites;  an<l 
(4)  the  internal  pharjTigeal  muscles. 

There  are  four  chief  pairs  of  cephalic  retractor  nniscles,  of 
which  the  two  ventral  pairs  are  by  far  the  largest.  The  more 
ventral  of  these  two  pairs  (v'.c.r.)  arises  on  the  ventral  sidi^  from 
the  jKjsterior  end  of  the  sixth  segment,  internal  to  the  ventro- 
lateral longitudinal  muscles;  the  other  jjair  (ii.c.r.),  which  is  double. 
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«™es  .non-  latenUly  fro.n  th.  posteri,,,-  ..,,,1  „f  th.  H.th  ,...,„,,t 

--^nimi.     All  the  euphiilif  ivtriiftur  r,iu.sele.s  arc 
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^'"'*^-^^hHje.*''n:ttF^Ttrlj,'''"'f,\'''  '"«  -«'u«  larva  seen 
ox.ep.ion  of  .he  large  cepS' re.^t  ST"  •"""  '^"  <""'"«'  »■*  *" 

"■''''^".'bep\tlL"rta«.''™'^!i°?;''''»f»<!r ,?-"<-"«  ^hown  i„  Fig,.  50  and  „ 
Phayn^gealdepre^ssormtife;""''  lXt.e'^~'--u,cle.  I'i^H 
"I  the  posterior  region  of  the  pharmx^Sowin?^;  ,.■'■''■  Chitinou.  flSor 
*.«•  Hypostomal  sclerite.  ,„.d  luS„UrAT  '  ""'  '"'""'  "''  ""=  T-rita. 
bular  extensor  muscle.  ,„.,    M„,rf  hn  !^  tf   ■?°''  ""'"'''^-       '"■'■■  Manii- 

=t  :;':te,i-5S;;atr.a'-~K 

(an.shajx.d  muscles  insert,,!  hi    K       k  \r  "'  '"""^■'" ''""«' 
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median  lines  respectively.  The  dorsal  nn.l  ventral  muscles  ,.f  each 
side  are  inserted  together  on  the  dorso-lateral  region  of  the  pos- 
terior end  of  the  pharyngeal  m,uss.  The  pair  of  .lepressor  muscles 
(d.m.)  which  are  situated  dorsally,  are  attachwl  by  their  broader 
ends  to  the  intersegmental  ring  between  segments  three  and  four. 
Ihey  are  inserted  on  the  posterior  end  of  the  dorsal  side  of  the 
pharv-ngeal  mass;  by  their  contraction  the  posterior  end  of  the 
pha^geal  ma.ss  is  raised,  the  result  being  that  the  sclerites  articu- 
lated to  Its  anterior  end  are  depressed. 

There  remain  six  piirs  of  muscles  controlling  the  mandibular, 
dentate  and  hypostomal  sclerites,  one  pur  controlling  the  two  fore- 
nK,»t  sclerites  and  four  pdrs  controlling  the  hj^x^stomal  sclerite. 
Ihe  mandibular  extensor  mu.scles  (m.e.)  are  attached  to  the  b,xly- 
wall  in  the  third  segment  on  each  side  of  the  median  line  and 
between  the  dorsal  cephalo-pharyngeal  protmctoi^.     They  are  in- 
serted on  -:.e  dorsal  side  of  the  mandibular  sclerite  (m.s.) ;  by  their 
contraction  they  elevate  the  sclerite.    This  sclerite  is  depressed  by 
the  contraction  of  a  pair  of  muscles  which  control  the  dentate 
sclerites  (rf,.),  the  latter  fitting  into  a  notch  on  the  ventral  side  of 
the  mandibular  sclerite.     The  mandibular  depressor  muscle  (m.d.) 
IS  attoehed  to  the  p,sterior  ventral  process  of  the  lateial  pharyngeal 
sclerite  by  the  three  bands  into  which  the  posterior  portion  of  the 
muscle  IS  divided;  the  anterior  and  single  eml  of  the  muscle  is 
mserted  on  the  ventral  process  of  the  dentate  sclerite 

Four  p.irs  of  muscles  (s.d.)  are  inserted  on  the  hypostomal 
sclerite  (A...).     Two  more  dorsal  piirs  are  attached  to  the  inter- 
segmental  ring  between  segments  three  and  four  as  shown  in 
u  ^,''«  t"»  ^"^  ventral  piirs  are  attached  to  the  lateral 

pharj-ngeal  sclerites,  one  being  atbichetl  to  the  ventml  side  of  the 
p.stenor  dors,d  process  and  the  other  to  the  ventral  process  beneath 
the  mandibular  depressor.  These  muscles,  which  I  call  the  stomal 
dilator,  are  inserted  on  the  sides  of  the  hyp,ston,al  sclerite. 
Their  function  is,  I  believe,  to  open  and  close  the  anterior  pharyn- 
geal aperture  and  so  control  the  flow  of  Huid  food  into  the  pharynx 
and  of  the  sidivary  secretion;  the  lowest  piir  of  muscles  may  be 
more  directly  concerned  with  the  latter  function. 

The  pharjTigeal  apparatus  is  controlled,  as  in  the  adult  fly  by 
8  series  of  muscles.     In  the  larval  stadium,  however,  where  so 
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Ihe  muscles  are  attached  ilursalk-  t..  .K    •     ■  .     i         *'"'  '"  P-"™- 


.•.o.m.  Elonp-te  oblique  plmrynKeal  mu,ole  ,    '    ''=»""'™ '"<^"''"l™wing.) 

'".Accommodating    meibmne  „,  rf    '&„'i'';T'  P'?'"7nB™l  »lerite. 

dorsal  pharyngeal  muscles.  '   Trach™  "'"J""-        "■''•'«.   Semicircular 

tractor  muscle.  iracliea.  ,.,,..^,.  Ventral  cephalic  pro. 

the  ve„tnU  att<.ch„K.,.t  being  .,„„.  p.,sterior  than  the  ,l„r.al     Th 
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th..  n.of  of  the  phar,-nx.  They  are  ,wsiHte.l  i„  enlarging  an.l 
cntmcting  the  hunen  of  the  posterior  pirt  of  the  pharynx  by 
.1  nunil>er  ot  sen.icn-cular  ,l„rs,il  muscles  <».rf.,«.),  which  by  their 
contmcfon  nwke  the  Hoor  of  the  phannx  ,„or..  concave,  ami  it  is 
these  n.uscles,  I  believ..,  that  are  chieHy  concerned  in  the  n.ainte- 
nance  ot  th..  ,K.n»t«ltic  contractions  of  ,he  pharynx,  by  means  of 
which  the  flu„i  f„Kl,  which  has  been  sucke.l  into  the  nmnth  by  the 
p.nnping  action  of  the  pharynx,  is  carried  on  t.>  the  c».soph«g,,s 


-  'Smd 


The  similarity  k-tween  the  pharj-ngeal  app.nvtus  of  the  Hy 
that  m.  of  the  lalcrum,  and  that  of  the  larya,  is  yery  striking,  both 
w,th  regiod  to  the  torn,  of  the  skeletal  structures  an.l  the  muscula- 
ure.  It  the  pharynx  of  the  larya  were  reganled  as  being  homo- 
ogons  to  that  of  the  fly  it  woul.l  further  support  the  view  that 
the  head  of  the  larva  had  been  pe-ruianenth-  withdrawn  into  the 
succeedmg  anterior  b,Kly-segments.  These"  structures,  however 
may  be  merely  analogous;  the  similarity  of  structure  may  havJ 
been  brought  about  by  similarity  of  function.    Both  larya  and  adult 
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pha.y„K..,.l  ,,r,.tme„„.  „„.  ,.„„.,.,„    ^f,,-  "■'"""  '"  ,""' 

tlu.  n,a,„lih„la,.  scLrit..  b..i„,,  ..x  ,  ,.  "  1  "'  "  '"''■'"''■''• 

"'■' -■-'"'' ^'"-^""^"L'L !:::::;:;':;.;;::;':  :-"''''■•';"■ 

Htanc.  ,h„„.^,h  which  it  is  ,„„vi„.      A     '   ,.      f  '^;.-'"''- 


Nervols  Svstem. 

whJt:;;;  aiiir;::;:!'?'  -f  ?•■ '""'  '''■  ^^>  >'- "«--" 

fusion      Th    t,       h  ;•  "*  S«'>Kli""ie  concntrati™  an.l 

niM(n.      1(1,.   I,.,at-»hap,.,l   gangh.ui  c   mass  (fiir    "i^i    „.k-  i,    ,■ 
pirtly  m  the  fifth  s.,uu-nt.hnt  th.  g,vat,-  Jtrtii  n  in  t         •  .? 

:""■:;  I«.-  "'•  S-glin  »n„ila.-  to  that  which  L,  ck-trt  85« 
describes  in  the  first  hm-al  sfim.  .,(■  U/     ,  ""tKart  (1858) 

i"  M.  domestica.  This  ganjjlionfc  ,s  w^Trh  .  '■•""'^™"-""""  "'^ 
b.-«.ty,  I  .ha.,  can  ^'J^ Z^^^^^Z:^-;;-  ""  t 
ex  .U  ext™.,y  an,  si,„s  ,„  sc«n,cntati„n,  ^f  il '^rT  T 

-::i::rr,,^:f-:--.'-ti^^^^ 


|i!.   .J 
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.■uigitUil  swtionH,  hdw.v.T,  the  ciiiMii.,n..nt  Kiinglin  can  b..  riTOffnis.^1 
and  their  limits  aiv  more,  clearly  (K.fimd.  The  Kaiiglimi  is  ,«iir- 
n.iiii.ied  by  a  thick  ffinKlionJc  ca()s,ilar  sheath  which  is  richly 
'      '  '  supplied  with   tmchcae,  and  ap- 

[xarti  til  be  centiniKais  with  the 
imter  sheath  iif  the  |!<riphend 
nerves.  Twi)  pairs  ot  large  tra- 
cheae (fig.  53)  are  tbiind  entering 
thegangliiinic  sheath,  an  anterior 
pair(<r'.)  which  runs  in  between 
the  cerebral  lubes,  anil  a  latend 
jmir  (tr".)  entering  the  gangliun 
beneath  these  Kibes.  In  the 
veiling  larva  thi'  certical  layer 
<if  cells  is  propiirtiiinately  much 
thicker.  The  cnrtical  tissue  is 
made  up  iif  cells  iif  varying  sizes, 
but  which  can  be  gniujx-d  in 
twii  cla.s.se.s — smaller  cmtical  cells 
and  larger  ganglinnic  cells.  Must 
(if  the  ganglionic  cells  appear  to 
be  unipolar,  but  there  are  many 
of  a  bipolar  and  multip<ilar  nature 
pi-esent;  they  stain  readily  and 
possess  tiiirly  large  nuclei.  These 
ganglionic  cells  are  arranged  seg- 
mentally.and  occur  near  the  origin 
of  the  nerves.  In  the  posterior 
region  of  the  ganglion,  where  the 
nerves  arise  in  close  pro.ximity,  the 
ganglion  cells  are  very  numerous, 

Fm.  .52.  Nenous  system  of  the  mnture 
lan'a.  Tlie  dorsal  accessory  ner\-es 
are  shown  by  sinele  black  lines,  and 
the  outline  ot  the  pharynKeal  mass  is 
indicated  by  the  dotted  line. 

I— XIII.  Body  segments  of  the  lar\-a. 
r.l.  Cerebral  lobes.  iii.c.J.  Major 
cephalic  ima(,'inal  discs.  oe.  Oeso- 
phanus.  (I.e.  Anterior  (oesophageal 
branch)  of  visceral  nervous  .system. 


-«io,.l  ,t„.„.,.,  .,rth     ,,':  "^     ■;  '"'"f '.  '"-'•  l-y liar.  a,„l 

"tmrnLs  nC  cv.p,,,,!,.,.  ,i,„„.        1"  "''"'"•  'I"'  gan^H,,,,,  «.itl,  the.s.. 

:!:•- p".-  "<■  «ph..i.  i;.::;:r;:/i"":?'"'  ^'■•»^" 

tt.-'  •■c..r,.bn,l  l„l„.s."     n,.,.  .  '     '^:'''  "'■'^•h  "'a.v  1'-  torm,.,| 

""V.m.  ,„„t.,l,„th..„u,lia„li„..,|,.^, 


TcJ- 


/     9'*    oe. 


s/i  ^^ »"  -vr'-r  ■'■  'hTr^r'^-  -,7'i^-v™  F"«"°"*»"' 

'  -".  ViBcenil 

to  the  toranien  trnvei-SHii  »»-  fk 

lobe..  ,uv  chieHv  „f  Ztl^^ T'^'  '-'■     ''''-  --l.ml 

«-«'ia  ,.f  the  ,„,^.,,.  ;"J*^^    ^f--"    "'-   ".■  th..  „ptie 
'""nbmnous  sheath  (M.)  a„d  is  e'mr      ,    , '"  "u"'"""'"'  ''>■  "  ""■'' 

^S:r:^:rr^::':.ir^'"'"-»^.'>^^'vi^Hi„t„th.e 
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1 — 11)  Cdrri'Hpimiling  to  thu  fluvun  pnini  nt'gitngliu  ariw,  twD  triiin 
the  anterior  en<l  and  nine  fmin  the  niden  <il'  the  ganglion.  Three 
paint  of  nerves  (u,  b  and  c)  arine  laterally  t'n>ni  the  stiilltH  of  the 
pnithoracic  and  tneMothoracic  iniaginiil  dinc».  In  the  nie<li»n 
donal  line  of  the  pwterior  half  of  the  ganglion  a  ningle  pair  (rf.if'.) 
and  two  niediiin  iin|)airi'il  (rf.ii".,  d.a'".)  nerves  have  their  origin ; 
these  are  iicceSHorj'  nerves. 

The  first  (niir  of  the  two  anterior  pairs  of  nerves  runs  forwani 
and  innervates  the  posterior  region  of  the  pharj-ngi'al  mass;  the 
anterior  region  of  the  latter  is  supplied  by  the  second  \m\r  nf 
nerves,  These  nerves  also  innervate  the  anterior  s<-giuents  of  the 
IsKly.  The  first  (a)  of  the  three  pairs  of  nerves  which  arise  from 
the  stalks  of  the  iniaginal  discs  runs  to  the  anterior  end  supplying 
the  protractor  and  retractor  nuLscles  of  the  pharyngeal  mass.  The 
second  (b)  of  these  three  pairs  of  nerves  innervates  the  nuiscles  of 
the  b(Mly-wall  of  the  third  and  fourth  segments;  the  latter  si'gnient 
is  also  innervated  by  the  thini  (c)  of  the  three  jiairs  of  nerves. 
The  sueceeiling  nine  pairs  of  lateral  nerves  are  segmentiUly  dis- 
tribute<l,  and  innervate  the  muscles  of  the  lio<ly-wall  of  segments 
five  to  thirteen.  Each  nerve  bifureat<w  on  reaching  the  nmscles, 
and  these  branches  further  subdivide  into  very  fine  i     ves. 

The  nerves  which  arise  <loi-sally,  and  which  I  h  j  called  the 
accessory  nerves,  are  interesting.  The  first  jBiir  (d  )  which  ari.ses 
about  mid-way  along  thi'  dorsal  side  of  the  ganglion,  accompanies 
the  pair  (  f  nerves  supplying  the  seventh  segment.  The  second 
(d.d".).  which  is  an  unpaireil  nerve,  bifuivates  in  the  seventh 
segment,  and  the  resulting  nerves  proceed  to  the  Ixidy-wall  in 
association  with  the  nerves  supplying  the  eighth  segmenl.  The 
third  and  jxisterior  dorsid  accessory  nerve  {d.a'".)  bifurcates  in  the 
seventh  segn^nt.  Kach  of  the  resulting  nerves  undergoes  a  second 
bifurcation  :  .■  dextral  nerve,  bifurcating  in  the  eighth  segment, 
acciinipiuiies  the  nerves  supplying  the  ninth  segment ;  the  sinistral 
nerve  bifui-cates  In'tween  segments  eight  and  nine,  and  the  result- 
ing nerves  proceed  to  the  tenth  segment.  None  of  the  ri'maining 
lateral  nerves  appear  to  be  .iccompanied  by  an  accessory  nerve,  of 
which  there  are  four  iiairs  only.  The  ganglionic  sheath  is  penetrated 
by  tracheae,  some  of  which  arise  from  the  ganglion  in  association 
with  the  nerves  which  they  accompany  to  the  body-wall.     Two  <if 


tho^>  tr..ch..a,.  ,.,,.  ,h,.w„  (H„  5:)  , ,     «     •,      . 

tf..-r  »i„nl„ntv  t„  Hcc..s»,r'^^^rr    J     T'l  """':"■  '""'  ""  "™"""t  "f 

'"""  ->■  -rial  ..e,l,i;      ,     ,    ti'r  :", '  "'"■^-«-  '"' "- 

«howi„x„,„„.,,„,i    .,  ■     V""'"   '"'"'"""■''  "-i-  ««•'   '- 

h  th..  ,.tl,..,..  •        ■"'l'l''""'"n""K  th..  ,„„.  ,„..th„l  „,.  ,„„,^. 

"'   '™ii..M.|.H..  c.Mi,i„i,.ss,ir,-  „(■  th,. 
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cerebral  l,)bi..s  fi,,,,,  .i,,,  i,.,„       ,.     ,  . 

,7""'»  th..  anu.n-..  „„.,  ,„■  th,.  l^  t::;  "'^/t  '""'^  "'"^'">- 
the  gangi,,,,,  ,„„s  tl.nvaixl  „n  the  ,1  L  ,  "''  "'■"'•  ''"■" 

the  gangl„,n  al„„.  ,h ,^.|  ,- ,„  ,;         ^^  f  "■'..)  runs  fr,„„ 

"(  the  |...„v,.nt,.ic„l„»,  where  it  ,;,,, ,1         "^■';;'P''agus  t„  th,.  „,.ek 

««»^  H  „ ,  ,,„,.  ,Hieh  «„,.„::,:.:"""  '^'^t''"'-  ^'"s"-" 

™ten„r  ,.,,,1  ,„the  pr„v..„t,.icul,„  '"■''^'  '•""'  ""■  --  the 
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Henhorv  Oruank. 

The  chief  visible  ftrnwiry  nrjfimf*  which  the  liirvii  jhwmi'hwh  nro 
thi'  two  iwirw  of  Clinical  tubt'rclfH  (ti^,  44,  o.t),  which  hiivc  Imth 
ilcHcrib«><l  lilrciuly  <>n  the  oral  1uIh-h.  In  Mcctinn  each  '■onHi.HtH  nf  an 
fxtcmal  tmns|mrt*nt  Hhrath  nf  the  **  .t  cuticiilar  layer;  iMiu-ath 
thiH  and  HurrdtiiiiUil  by  a  chitinnuM  nii^  arc  the  (IJHtal  ciiticulitriseH 
extreniiticHiif  a  number  -i  t  loricate  fiiHitimii  ccIIh  ^nnijx'd  tiijfether 
Ui  fiirm  a  bulb.  Thi.-*-  .ue  nerve-end  cells  and  their  pnixiinal 
extreniitieH  an-  cimtinnmis  with  nerve-fibri'M  l)y  means  *>(  which 
they  are  cnnm'Cteil  to  the  jfan^linn.  Jtid^in^^  fr-mi  their  Htructun' 
these  iirgtuiH  appear  to  be  of  an  optic-al  nature,  and  this  i^  the 
us-  '  view  which  in  held  with  n-^anl  to  their  function.  They 
would  appear  merely  to  dii^inguish  light  and  darkness,  which,  tor 
isuch  cryptophaj^ouH  larva,  is  no  doubt  all  that  is  necessary.  The 
negative  heliutropisni  of  the  larva  nf  the  blnw-Hy  has  been  ex|K'ri- 
tnentally  pmveil  by  LiH-b  (18!K)),  and  my  own  observatioriH  conHrm 
the  Miime  for  the  larvae  of  3/.  domestiat. 

The  hyp«)dernml  cells  are  well  innervated  and  the  biKly-wall 
appears  to  be  highly  sensitive. 


The  Alimentary  System. 

The  alimentary  tract  increiiNes  in  length  at  ejich  of  the  larvid 
ecdyses,  and  in  the  mature  larva  (fig.  55).  its  length  is  sevenil 
times  greater  than  the  length  of  the  larva.  The  great  length  of 
the  alimentary  tract  oi'  the  larva  coiii|)jired  with  that  of  the  fly  is 
probably  acciamttnl  for  by  the  fact  that  a  large  digestive  area  is 
necessiiry  tor  the  nipid  building  up  of  the  tissues  from  fluid  HmmI 
which  takes  place  during  the  larval  life.  It  is  divisible  inT^i  the 
siime  regions  us  the  alimentJirj'  tract  of  the  mature  insect,  but  it 
ditfers  from  the  latter  in  several  res|M.'Ct.s,  These  regions  are  |)art 
of  the  original  stomwlaeal,  mesenteric  and  pnMjt<Klaeal  regions  nf 
which  the  me.senteric  is  by  tiir  the  longest  in  this  larva.  The 
regions  of  the  nlimentiiry  tract  which  are  <lerived  from  the  stomo- 
daeum  and  proct^xlaeum  ari'  lined  with  chitin  of  varying  thickness 
which  is  attache<l  during  life  to  the  epithelial  cells,  but  is  shetl 
when    the   larva    undergoes   ecdysis.     The    mesenteron  does   not 
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CHWM  thr  rhitiiinuH   intiiim    ii.muilly   |i,.>    | 
is.  hiiw.vcr,  in  |hi.  lurva  i,f  ,1/. 
doiiieHiat.  wmnWy  liiu'.|  with  a 

lining  ..f  a    m h  L-huiaetir. 

"he  whiili'  aiiiiicntarv  tract  is 
cwrcil  by  a  niiisi'iilar  sh.ath  "I 
vaiyinj;  ihicliiiiss. 

The  muuth  (fi^r.  45  ,„.)  „|„,,|, 
"n  th.'  vfiitral  »i<l,.  l),.twf..|i  thr 
"nil  |„1„.».  Thf  ventral  and 
vintrii-latvral  mIcIcs  ,.C  thr  oral 
l'>l»s  ar.'  trav.Ts<-il  by  a  wriL^s 
'>•  »nmll  rhunni'ls  (Kjr.  4«,  ,./,  ) 
which  arc  tna(l<'  in„iv  i.tfcetiv,' 
'>y  the  tact  that  (an-  Mi,|,.  ,,f 
the  chanii.l  is  raiwd  and  i.vcr- 
liiUiKs  the  other  .so  as  to  parti- 
ally convert   the  channels   into 

tubes  rather  c [jirable  to  the 

iweiido-tracheae  of  the  oral  loK's 
"f  (he  Hy,  to  which  thiv  have  a 
"innlar  function  :  theliijnid  (,«kI 
runs  along  these  channi'ls  t.)  thi- 
mouth.  Distidly,  many  of  the 
chanmis  unite;  the  resulting 
chamiels  all  converge  and  run 
into  the  month.  The  anterior 
Ix.iiler  of  the  or.-,l  alk.rture   is 

"'"'if?'  *!;',"«"'«0-  'y»l*m  ot  „,„t,ire 
l»rva.  The  course  of  the  ventriculi.s 
«n,l  intestine  „«  ihey  lie  in  the  l«,va 
19  »)lown  by  the  .lotteil  lines  The 
oriKins  only  of  the  .M«lpi„hian  tul».s 
lire  shown. 

<-.".■(.  Ciimmnn  salivarv  iluot.  ,.  ,.  Cae 
..-.im  ot  yenlricuhis  ,„,,  ,„,;„,„,. 
i».l.  MalpKjhian  tubule.  ,„  Oeso 
jihaKjis.     ,>/,.  Pharynx,     p,-.  IToven- 

llZj"'-     '■■''•■'■'I"",-     '-.^'■h'livaiT 
Eland.       1-.  \entrii;ulus. 
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iiccupiMl  by  the  TiiiiiHlibuliir  sclerite  (fig.  44,  )».».),  and  the 
I»stiTi<>r  b<ir(lir  is  homidwl  by  ii  linj>aiil-liki'  process  (fig.  45,  i) 
thiit  is  bildbcd  at  it-s  ant(>i'ii>r  extremity. 

Cephalu-iifw ii/n</eal  sclerites  (fig.  5(i).  The  solerites  awiiiciated 
with  the  cephalii-pharyngeal  region  are  rather  simihir  to  tho«'  of 
the  .seeiind  larval  instar;  they  are,  however,  of  a  more  solid  and  of 
a  thicker  ehamcter.     Between  the  oral  lobes  is  seen  the  me<lian 


Fio.  56.     Cephalu-pliaryn^eal  skeleton  of  mature  liirvii,  left  liiteml  usl)ect. 

il.p.i.  Dorwtl  pharyngeal  sclerite.  il.t.  Denbte  sclerite.  Ii.».  Hypostomal 

sclerite.  t,p.  Lateral  pharyngeal  sclerite  or  plate,  deeply  inciseil  posteriorly 

to  form  dorsal  and  ventral  processes.        tu.ii.  Mandibular  sclerite. 

nncinate  mandibular  sclerite  (»i.».).  The  homology  of  this  sclerite 
is  obscure.  Lowne  regar.led  it  as  being  the  labnun;  some  authors 
consider  that  it  represents  the  fused  mandible.s.  As  we  know  at 
pivsent  .so  little  of  the  comparative  embryology  of  these  larvae  it 
will  be  best  to  rctjiin  the  name  by  which  it  is  generally  known. 
The  biusjil  extremity  of  the  mandibular  sclerite  is  broad,  and  at 
<ach  side  a  dentate  sclerite  (d.«.)  is  articulated  by  means  of  a  notch 
in  the  side  of  the  mandibidar  sclerite,  the  fimction  of  which  has 
been  shown  already  in  describing  the  muscles.     The  mandibular 
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Thf  phiiri/nx  (figs.  50,  51)  is  similar  in  certain  rf.sjwctH 
to  that  |)(prtii>n  nf  the  pharynx  i>f  the  Hy  which  lii-s  within  the 
fulcrum. 

The  whdie  length  i>f  the  floor  of  the  pharynx  is  traverstwl  by 
u  series  of  eight  grooves  sepamtwl  by  bifurcating  ribs  which  are 
T-shapetl  in  section  (fig.  51,  T.r.),  and  are  calle<l  the  "T-ribs"  by 
Holmgi-en  (1904);  they  form  a  series  i>f  eight  tubular  gnnives. 
Holmgren  belii'ves  that  they  may  have  been  derived  from  a  con- 
dition similar  to  that  fouml  in  the  pharynx  of  the  larva  of  Pluilii- 
crocem,  wh»'re  the  Hixir  of  the  pharynx  is  traversed  by  a  number 
of  deep  but  closed  longitudinal  fi.ssures.  These  pharyngeal  ribs 
and  grcKives  probably  have  a  stmining  function,  but  they  may  also 
b«^  of  use  in  allowing  a  certain  amount  of  the  salivary  secretion  to 
flow  bivckwards  towanls  the  oesophagus.  Keilin  (1912),  who  has 
made  a  comparative  study  of  the  pharjux  in  the  larvae  of  the 
Dipteru  Ci/chrrhapha,  shows  that  all  the  larvae  which  are  parasitic 
on  animals  and  plants,  and  also  the  carnivorous  ami  blixKlsucking 
larvae,  havt  no  ribs  on  the  floor  of  the  pharynx  but  that  such  ribs 
are  always  present  in  saprophagous  larvae.  The  presence  or 
aKsence  of  these  ribs  can  be  taken  to  indicate  the  feeding  habits 
of  the  larvae. 

The  nnisculature  and  action  of  the  pharynx  has  been  described. 
On  the  dorsid  side  of  the  pharyngeal  mass,  .ind  attached  laterally 
to  the  layer  of  cells  covering  the  lateral  .sclerites,  there  is  a  liwise 
membrane  (fig.  50,  m.),  whiwe  functii>n,  I  believe,  is  to  acconnnislate 
the  bliKsl  contained  in  the  pharyngeal  sinus  (fig.  51,  p.s.)  when 
the  r<Kif  of  the  pharynx  is  raiseil.  Posteriorly,  the  floor  of  the 
pharynx  curves  dorsally  ami  opens  into  the  oesophagus. 

The  oesophagus  (fig.  49,  oe.)  is  a  niu.scular  tube  beginning  at 
the  posterior  enil  of  the  pharyngeal  mass.  It  describes  a  dors;il 
curve  when  the  larva  is  contracte<l,  and  then  runs  in  a  straight 
line  through  the  oesophageal  foramen  between  the  cerebral  lobes 
of  the  ganglionic  niiiss  and  doi-sal  to  the  ganglion  to  the  posterii>r 
region  of  the  sixth  larval  segment,  where  it  terminates  and  oih'Iis 
into  the  proventriculus.  It  is  of  a  uniform  width  thrt)ughi>ut  and 
is  lin(Kl  by  a  layer  of  flat  epithelial  cells  (flg.  58,  oe.ep.)  whosi' 
internal  faces  are  lined  by  a  chitinous  sheath  (c/i.t.)  which  is  thrown 
iiilo  a  nund)er  of  tiilds.    There  is  nothing  of  the  nature  of  a  ventral 
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ihe  (ulls  («.D.)  of  which  art  continuous  with  thow  of  thi'  vfiitricuhiH. 
Al  thf  junction  of  the  centml  eori'  with  the  outer  sheath  of  cells 
there  is  ii  ring  of  sniiill  more  deeply-staininj;  cells  (t.c).  This  ring 
wiis  regimlHl  l>y  Kowalevski  (1«H7)  iis  the  rudiment  of  the  stonio- 
claeum  of  the  nymph,  liut  Lowne  is,  of  the  opinion  that  it  develops 
in  the  nymph  into  the  i)roventriculus  of  the  imago.  I  believe 
that  it  forms  a  portion,  at  li'iist,  of  the  proventrieulus  of  the  imago, 
as  it  exhibits  a  very  close  resemblance  to  the  ring  of  cells  in  this 
region  tignri'<l  in  the  section  of  the  pniventriculus  of  the  imago 
(tig.  13), 

The  iiieseitterun  of  the  matui'.'  larva  is  of  very  gicat  length, 
anil  is  not  divisible  into  the  two  regions  of  vi'ntriculus  and  small 
pro.ximal  intestiii'-  as  in  the  imago,  but  appeaix  to  have  thi-  .siune 
character  throughout;  hi'nce  Lowne  calls  it  the  "chyle-stomach," 
which  term,  or  ventriculuM  (fig.  55,  (.'.),  may  1k>  used  to  designate 
the  whole  region  from  the  proventrieulus  to  the  point  at  which 
the  malpighiau  tubes  arise.  It  is  very  mneh  convoluted  anil 
twisted  ujHin  itself  The  course  of  the  ventriculus  is  almost 
constant,  and  can  be  better  understoisl  fiiun  the  accompanying 
figure  than  from  any  detailed  description.  At  the  anterior  end 
four  tubular  caeca  (c, ».)  arise.  Their  walls  consist  of  large  cells 
whose  inner  faces  project  into  the  lumen  of  the  glands;  these 
glands  were  not  present  in  the  imago.  The  epithelium  of  the 
ventriculus  (fig.  67)  is  composed  of  large  cells  (e.r.,.  which  project 
into  the  lumen  of  the  alimentary  tract;  they  po.ssess  large  nuclei 
and  the  sides  of  the  cells  facing  the  lumen  have  a  distinctly  stri- 
ated appearance,  which  is  absent  in  those  epithelial  cells  covered 
with  a  chitinons  intima.  This  striateil  appeamnce  mav  be  relate*! 
in  some  way  to  the  production  of  the  mucous  intima  which  is 
generally  priwent  in  the  ventriculus,  and  which  appeal's  to  take 
the  place  of  the  liH)se  chitinous  intima  or  peritrophic  membrane 
which  occurs  in  this  region  in  numerous  insects,  and  which  has 
been  studied  in  detail  by  Vignon  (1901)  and  otheix  Below  the 
epithelial  cells  a  number  of  small  cells  (g.c.)  are  found,  which  may 
be  either  gland  cells  or  young  epithelial  cells.  In  adilition  to  these 
cells  small  griaips  of  deeply-staining  fusiform  cells  (i.e.)  are  fimnd 
below  the  epithelium.  These,  I  believe,  are  embryonic  cells  from 
which  the  mesenteron  of  the  imago  arises.     The  malpighiau  tubes 
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down  t..  for,,.  .s,„all  ,k.eply.,t,«ni„g  sphericl  bodie.     This  histu- 

h    h       T"      "   ^'^"^   "'   '^"   '""*"'   ™'^»  "'■  th"  tubules 
uhich  m  the  mature  larva  usually  have  the  appeamnce  »hown  i„ 

This!  K     '  "*"«'"  "f '''•K^'""™'i"n  c..n  be  tmced  .mt. 

:.:J       '^  nmy  b..  a  u.eans  „f  getting  rid  of  the  r..,naining  lanal 
excretory  products.  " 


The  Respiratory  System. 
The  tracheal  system  (fig.  59)  of  the  adult  larva  consists  of  two 

missures,  and  com,„„n,eatmg  with  the  exterior  by  anterior  ami 
po  termr  sp.racles     the  latter  are  situated  in  the  n.iddle  of  the 
oblique   cau.h,l   en.l,  and    the   anterior   spimcles,  which  are    not 
present  ,n   t  e  fi,.t   l,.v„l  instar,  are   situated    latemllv  at  th 
posterior  bonier  of  the  third  bo<ly-.,egnient 

spiracles  though  tor  some  time  I  was  inclined  to  share  Lowne', 
opinion  that  they  were  not  functional.     This  latter  view  was  .lue 
to    he    act  that  ,t  was  difficult  to  understand  how  these  spiracles 
could  obtain  air  when  they  are  im,„ei^.l,  as  they  usually  are,  i„ 
the  moist  fermenting  materials  on  which  the  animal  feeds     A  care 
ful  m.cr».scopic  examination  of  their  structure,  however,  strengthens 
.ny  belief   that  they  are  able,  if  necessary,  to  take  in  air;    the 
occasions  when  this  is  jK,s.sible  are  probably  not  infrequent.     Each 
of  th«  anterior  spiracular  pr,«esses  consists  of  a  fan-sha™,l  b,Klv 
y-U     "„''^\^™""e  "'^  '"  -ight  ™«all  p..piliform  proces.ses.    The 
P»p.!lae  (fig.  47)  open  to  the  exterior  by  a  small  pore  which  leads 
m  ,.  a  cavity  having  a  clear  lumen  surrounded  by  brancheil  ^uti- 
cular  pr.«es.se.,,  whose  function  is  probably  to  prevent  .solid  particles 
fmm  penetrating  the  spiracular  channel.     The  b-Kly  of  The  fan- 
shaped  spiracular  pr,«.e.ss  is  filled  with  a  fine  reticulum  of  the 
chiinous  intima,  which  Meijere  (1902)  calls  the  "felted-chamber" 
(F,hk„mme,'):    through   this  meshwork   the  air  can  pass  to  the 
longitudinal  tracheal  trunk. 

with  the  comers  rounded  off  and  their  Hat  f.«;es  are  oppose,l     Each 
consists  ot  a  chitinous  ring  having,  internal  to  the  flat  side  a  suvUl 
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pii'rctil  kni)b.  Bich  chitimms  ring  encloses  time  siniicms  Hlits, 
gimnltil  by  inwiinlly-directoil  fine  demlritic  processes;  through 
these  slitM  the  iiir  enters  the  jiinnll  spiraciihir  atrium,  which  is 
Hiiuiite<l  behind  the  spiracle.  The  spinicular  atria  coumiunicate 
directly  with  the  longitudinal  tracheal  trunks. 
-I- 


\->BS/» 


Flo.  60.    Posterior  end  of  larva  in  the  second  stage  (Jnd  instar). 
nil.  Anus.        p.iip.  Posterior  spimcle. 


psp. 


Fro.  61. 
Flo.  61.     Posterior  end  of  mature  lRr\-a  (3rd  instar). 
Fio.  62.    Posterior  spiracie  of  mature  larva  of  3/ii«.(i  itomfHiai. 

The  origin  and  couise  of  the  branches  of  each  of  the  longi- 
tudinal tracheal  trunks  (fig.  59,  l.tr.)  are  the  same,  so  that  of  the  left 
side  will  be  described  only.  Immediately  behind  the  spinicular 
atria  the  short  posterior  tracheal  commissure  (p.com.)  conni'Cts  the 
two  trunks.  In  the  yomiger  larvae  this  commi.ssiire  is  situated 
more  anteriorly,  but  in  the  adult  it  is  situated  so  far  back  and  so 
close  to  the  spiracles  that  its  presence  might  easily  be  overlisiked. 
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ilircctidii.     The  Bwollcn  jumtfrior 
thf  heart,  lien  in  thi'  liwt  thrci^  nr  11 
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ri'j{iiin  (*!((.  ti3),  which 


>ill<'<l 


tiir  M'gnifntH,  its  antfrinr  liniit 


hi'iiij;  himl  ti)  (lufinc.    It  cmiMintx  of  thri'c  <ii?<titi({ui»hahlf  chiiinbcrii, 

which,  hiiwi'viT,  nn-  nut  (liviiliKJ  hy  wptn. 

I     J  Thrt'L'  piiirx  iif  ustia  (o*.),  I'ach  provided 

)      \  with    a   pair  of  interiud    valves  (v.),  are 

V      J  MituatiKl   laterally,  and  place  the  cardiac 

cavity  in  cuniniunicatinn  with   the   [ktI- 

cai-diuni,    in    which    this   portion    of   the 

dcirxid  vcMHel  lies.     There  are  three  pairs 

1)1'  alar  inUHcles  contnillinK  the  action  of 

thii*  poHterior  cardiac  region  of  the  don^il 

vewn'l.     Lowne  descrilx's  other  o|X'ningH 

in  the  wall  of  the  "heart"  of  the  lilow-Hy 

larva,  but   I    have   been    luiable    to  Hnd 

others   than    those   already   described    in 

this  larva:   it  has  three  pairs  only. 

The  dorsal  aorta  is  the  anterior  con- 
tinuation of  the  (lorsjd  vessel,  which 
ffradnally  diminishes  in  diameter.  When 
it  reaches  the  fifth  segment  and  lies  aKive 
the  ganglion,  it  terminates  in  a  jHculinr 
cellular  structure  (fig.  53,  c.r.),  which  in 
the  blow-riy  has  a  circular  shape  and  was 
called  by  Weismann  the  "  ring."  In  the 
larva  of  ^f.  domeatica  it  has  not  swt  pro- 
nounced a  ring-like  app'arance,  but  is 
more  elliptically  compressed  and  rather 
A-shapt^l.  The  cells  of  which  it  is  com- 
pitsed  have  a  very  characteristic  appear- 
ance, and  are  rather  simitar  to  a  small 
group  of  cells  lying  on  the  neck  of  the 
proventriculus  and  at  the  anterior  end  of 
the  dorsal  vessel  of  the  tiy.  From  the 
lower  sides  of  this  cellular  structure  {c.r.)  the  outer  sheaths  of  the 
major  cephalic  iinaginal  discs  depend,  and  extemi  anteriorly  to  the 
pharyngeal  nia.ss,  enclosing  between  them  the  anterior  portion  of 
the  great  ventral  blood  sinus. 


Fi«.  63.  Horizontal  section 
of  posterior  or  ' '  cardiac ' ' 
region  of  the  ilonjal  vessel. 
(Fromcameralucidadraw- 
iniis.) 

ox.  Ostium.  ('.  VaK'ular 
flaps  KUantinK  the  same. 
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al-ve  which  it  „p..,„  intth''^!.    ,"'"■'''"'"'  "■""■"'  "'- 

<-"lot.rl,..ss,  n„cl™t,.,l  r  ,^        ■'■  '••""S"l"'>l"  H"i.l,  cntainine 

tatty  ehanj;"'  " ''"""'  ^"^f"-'-  ■'"''  -"a"  .lobulj^l 
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111.'  Iiirvii  by  iiiraUH  of  thfw  iiiiagjimi  iiiilinifiitM,  wliieli  an' 
>,Ta<lually  toniiiKl  iliiriiiK  thi'  lat.r  niirlmii  of  thr  larval  life. 
Thiy  iIm  not  all  apjx-ar  at  th.'  wiiiii'  titni',  (,„■  whiniw  »iini  inav 
!>.•  in  a  w.ll-.k.vcliii)c.l  Htatr  larly  in  thr  thiiil  larval  iiintar,  mli.'rx 
tl"  n.it  a|)|Kar  until  thr  larva  rcachrs  its  nslinj;  |).riiKl  nr  iv.ii 
lat.T.  Th.'  iinaKiiial  .li«-K  apjx.ar  t..  b.-  liyixKlmnal  iniaginatidns, 
thiiuRh    thfir  ..rtgin   is  ilitHcult  t..  trao-   in  all   caws:    in  nianv 


Fio.  («1. 
Fia,  M.    Intfnml  aspect  of  the  posterior  thon>oic  iiiw«inal  discs  ot  the  rijiht  side. 
./.»i<.   Dorsiil  mesothonicic  or  alar  mioninal  disc.  ,l.ml.   Dorsal  nietatlioiacic 

disc.        I.lr.  Lateral  tracheal  trunk  of  the  rinht  side  ot  lorva.        r  ml     Ventral 

metathoracic  iniaKinal  disc. 

Vm.  na.  Longitudinal  sections  through  the  niujor  cephalic  iniaKinal  discs  of 
mature  larva  to  show  the  (losilion  of  the  individual  iniuKinal  rudiments.  The 
dextral  section  is  more  dorsal  than  the  sinistral.     (Camem  lucida  drawinKs.) 

iin.if.  Ilnaginal  disc  of  the  antelino.  /.,/.  Facial  imaRinal  disc.  i...  Sheath 

of  imaiiinal  rudiments.  „,l.  Optic  imaginal  disc.  „.,/.  IniaKinal  disc  of 
the  optic  K«nKlloiilc  structures.  ,i...  Optic  stalks.  ..„.  Fundament  of  the 
inmRiiial  supra-ocsophiiKcal  ganKlionic.        .*.  Sheath  of  cerebral  lobe. 

instances  they  are  cuiinectwl  with  the  hy|)i«lennis  by  incan.s  ,,f  a 
stalk  of  varying  thickness.  The  iiiiaginal  disc  or  niiliinent  may 
consist  of  a  simple  or  of  a  foldetl  lamina  of  lie.-ply-staiiiing  columnar 
embryonic  cells,  as  in  the  wing  di.scs,  or  of  a  nilmber  of  concentric 
rings  of  these  cells,  as  in  the  antennal  antl  crural  discs.  They  are 
usually  closely  connected  with  the  tracheae  and  in  some  cases  are 


I  EFHAI.K'    IMAcirNAl.    l>|.s,  .,  ,^y 

inn.rvat.d  l.v  Hii,.  n.r*,  ,.     Alth„M>rh  ,h  ,    .. 

"'e>lic„  a,-,.    „„i|„r  i„  ,'*■''  ""'    "'"«""«i 'l'"<»  ..|,l/.  ,/„. 

l»nnnKthriv»tii,Lr  ...    ,,„,,,,  ,.,,.,    ,  .... 

-Ii«-.cn„l,..,|i„i„^,„il„,l    i„„  ,;,',.,.  ;      '     '■('•'"'"^"■"Ifhonu.ic. 
n..t»...,l,viu,,». ..,„,,.  n,  ...cri.M,   '  '""'  '''*■"  '"•'■  ■•""""  ""-I 


Thi.  ulii,.ta-|,hali(.  ,liM.s  ;,,■,.    .,,„,,;„    .  ■,      ,    .       „ 

i-'«i..a.  .'.1......^',:::,;:; ':,.::;;  ■:?'-:  -'t -"-"'" 

«'"^tur.. „tio,„.,|  „r..vi,„„| v, '.,  r   -r;    u     ''"""'  ""'  "•"'■■'■ 

|x'iiioii  1)1  tnt'  ventral  simw     Tk  i 

arecontiiHH-d  Hiif...-;  ..i.        i  ^-^^^n'w  Minus.     ihcsi'.SM  ,  s,^ 

an.  ..v..  ,e|        t,     r"""'"""*''  ^'™"''  "'"-'"■  ""'t  th-    ',.,.. 

I. e,iia'.  V ,  r ; .  T""  r, ;"."" " '  "•■  ^^^  "y^^"- 

iat..Htt:;:;::'a;i:  ZTr"""'  "'*■"  ■-  -"-''">-'.  '- 
•'■  the  c..„.i„.ai  i„,„..  Th,  ic ;  :"i "  ^""-"'"':-' '«-  ""-i-"' 

-,:::r^,a:;:-  T  ^^^^^^^^^^^ 
<"''H. Kina;::;,:";::  i;,.!'!:''''':;-'''''-^!'"'' --^ 

'' ■■•■'•^'■iau™i..,i,a,s,,ru,,.£;,,,f!';:Hr '''""'"'■"'•'''• 


ttholu 


The  .vinaining  |„,rti„n  „f  th,.  hoail-eapMileof  th,   H     ■    .■ 
trniri  twn  „th,.r  iwrf..  .,f  :,       ■     ,        ,":"1"'""-  '"  '"'■  H.V  is  (i,rr,„., 

"1  "hieh  at  a  lat,.r  st.ur,.  th,    I,  ,     .  "  '"'K'"'^- ''"""•'I  -tnietm-,., 

distinguish...,,  ^i:*   .  t  ^vT  :;;'..;;r™"^'  ^t*^  ™"  '-^ 
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containing  thisc  three  piirs  ,,f  major  cephalic  discs,  which  will 
form  the  cephalic  caiwilc. 

In  arldition  to  these  two  other  pairs  of  cephalic  discs  are 
found.  A  [Kiir  i>f  small  flask-sha[«d  maxillary  rudiments  are 
situated  oni'  at  the  lia»i>  of  each  of  the  oral  lobes  a  second  pair 
of  imaginal  discs,  similar  in  shape  to  the  maxillary  iliscs,  is  found 
adjacent  to  the  hyi)o»tomal  sclerite ;  the  lattir,  I  believe,  are  the 
labial  rudiments,  and  will  form  almost  the  whole  of  the  prolmseis 
of  the  Hy. 


The  thoracic  discs. 
In  M.  domestica  there  are  five  pairs  of  thoracic  discs.     The 
prothonicic  imaginal  discs  (tigs.  53  anil  66.  pr.d.)  are  attached  to 


tfms. 


Fifi.  66.  Transverse  section  of  inatiit*  iRrvii  anterior  to  the  ffanKlion  and  cerel)nil 
liilies  to  sliow  tile  |i<»iiion  of  certain  of  tlie  imaitinal  (liscs.  The  boily-ivall 
anil  musoles  liave  heen  omitted.  Tlie  folded  character  of  the  adipose  tissue 
laminae  can  be  seen  in  this  section,  anil  also  the  deiienemtinK  anterior  norlinns 
of  the  nialpighian  tubules  (i«.l.).     (Camera  Incida  drawin«.) 

iiH.if.  Antennal  disc.  r.r.  I'robleniatical  cellular  stnicture  (Wcismann's  "rin^"'). 
!•.<■.  Caecum  of  ventriculus.  ,(.;»,.  Dotnal  inesothonicic  (alar)  iniaiiinal  disc! 
,t.r.  Adipose  tissue  cell.  l.tr.  liateral  tracheitl  trunk.  m.t.  Malpi»(hian 

tubule  cut  iHtlicr  limKitudinally.  .»•.   OesophaRus.  ;.f.i/.    I'rothonicic 

inia^innl  disc.        r.Hui.  Ventral  mesothorocic  imaKinal  disc. 


IMAUINAL  THORACIC   Dlw'.s  ]4q 

the  a.,ten,.r..n,i  ,.f  th..  K.^g,i„„  ..,„,  ,,,.,,  „^,^,  ' 

^.s.U  .ml  of  .ach  .«  ,.tt,.ch..d  to  the  b«.lv.w«ll  „„  the  «.„tr,l  si.l.. 
Ix'  we..,,  .s..g,„e„ts  three  a„,l  (our.     Thes,.  .lises  ,1,1  L 

«nd        't,,h  ■■"     """*'"""'  '""^■■'  "'■  '^'^   '"-othoraeie 

"nd    „,et«tho,.ae,c    s,.g„.ents.      Ari.s,„g    f„„„    th..    si.les   of    Z 

'-th    seK„,..„t.     Th..  .|or...l   „.esotho,.aeic   i,„agi„al  .li«e,,  fnZ 


,.n..  e  j,.e..i;:;,!:;;-;- 

■'*,"'    ""■  *'"'•    xcK <'t   ami    slightly  extern-.l    ,o  >l.      I  / 

'ttach,.).      I  he  „„.,a,horae,e  ,l,»c»  consist  of  t«-„  ,„irs  „f  s,„.,M 

pyr..>r,„  ,„ass,.s  ,H«.  «4)  lying  i, e,lia,..|y  behin.l     h.^.l      ^ 

ni  th..  iiit..rs..vrin..nta   lin,.     Th.,> .»     i     . 

th-x  p,.,.  .„  „„a„„ai  ,,i,„  i.  „,,.„„,  ,,,.,,,„,  ,,,_.;;^__^,^  ;_^;^  .^' 


ff  ';i 
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assiieiation  with  the  ci>rn'sp<iniling  prnthimicic  anil  iiifsiithnnicic 
vi-ntral  iliscH.  The  siiiiillcr  anil  niniv  instcriiir  ilise  id.mt.)  will 
ilcvclnp  into  thi'  icinainin);  f)(irtiiin  iif  thr  iniicli  ri-iluciil  iiii'ta- 
thiimcic  srjjini'Tit,  incliiiliii^  thi-  halti'i'i'M. 

Ri'tcTi'iici'  has  alri'aily  l)i-i'n  iiiaili'  tn  nthiT  iinaj;iiial  niiliini'iits 
which  "ccur  in  thi'  ahiliiiiiinal  irgiiin  as  icjjnlar  pitches  of  cni- 
bryiinic  cflls.  The  abilmiiinal  srgiui'nts  ilovi'lup  fnaii  nunicrniis 
s<'j,iiicntally  arrangeil  plates  i,f  a  similar  natuic  which  are  tiimiil 
ilnrinj;  the  early  puiml  stajje. 


Fio.  6H.    Transverse  section  of  one  of  the  salivary  glands  of  ttie  niiiture  larva. 
(Camera  lueitla  tlmwinK-i 

During  pupation  the  iiuaginal  ruiliments  inori'ase  in  size  anil 
are  nut  destriiyed  by  the  phagocytes  in  histolysis,  ius  is  the  case 
with  most  of  th('  larval  structures.  The  cephalic  iliscs  are  evagi- 
nated  by  the  eversion  of  their  sacs  by  way  of  the  anterior  enil  of 
the  larva,  a  conl  of  cells  nttacheil  to  the  ilorsal  wall  of  the  anterior 
enil  of  the  phaiynx  marking  the  path  of  eversion.  A  similar 
process  takes  place  in  the  ease  of  the  thoracic  imaginal  iliscs, 
which,  by  their  eversion,  biiilil  up  the  whole  of  the  skeletal  ca.se 
of  the  thora.x  anil  its  dimsal  and  ventral  appendages,  the  wings, 
halteres  and  legs. 


PART  III 

THE   XATI'KAL    KXK.MIKS   AXI)   I'ARASITKS   OK 
THK    HorsK-FLV 


CHAPTER   X 


AHArllXIDS    AND    .\l ViilAI'ODs 
t'//A/,'.V/:.s    .V,,l,<is(s   ScllRAXK. 

There  .■,.•,■  fr,.,|,„.ntly  tl.nn.l  attach,.!  |„  ,h,.  l,.,,,  „,  ,|„.  |,„„„.. 
Hy  s,„all  s,.,„.,,i„„  ,„.  l„l,s„.,.lik..  cvatnn..  which  a.v  A,a,.hni,l. 
i"Umfr,n„  r„  thr  „nl,T  /'.seudo-smrpionulea  :  the  tcriii  •■ch..|i(;.,s  •' 
i»  als„  a|,|,h,.,l  t.,  th,-m  „„  accoiint  ..f  thr  Uffr  ,«,i,-  „r  chcl.tc 
ap|H.,„laK..,.  which  thcy  hear.  Th,.  s|K.ci,.«  which  is  nsnailv  li,,,,,,! 
.irt.-.chcl  i„  .1/.  ,lo,nertu-a  is  Vl.en.es  „o,los,i.s  Schrank  (iiu  (;<)) 
t  ,s  yy  widely  ,iistHlM„c,l,  a„,l  ,„y  „.,scnati„„s  a„v,  with 
those  „t  Picka,W-0„„l,r„lKc  (IH92),  whn  has  .Icscril,,.,!  th,.  .,■„„,, 

Ih,.  spcccs  ,sO,5„„„,  i„  |,,„^,,|,  ^^,^,1  IVkanl-Ca„,l,n,|,,./, 
"Ii'scnptuin  ,.C  it  is  as  llilh.ws: 

■■C,.phal„th,.,a.x  a,„l  ,«|pi  y..||„wish  ,v,|.l,,„w„,  th,-  l„n„.-,- 
m.h..r  ,  un,.,-  than  the  latter,  AlMl,„„i„al  s,.g,„,.nts  v,.l]„wish- 
l.r,.wn  :  h.p<  ,„|,,,  'Ph,.  «.put  an.l  first  s,.jrn,e„t  „f  th..  th„ra.v 
ur,.  ,,t  e,|„al  wi,lth  (In,,,,  hack  t„  fr„„t);  the  s,.c„„,l  «.«„„.„.  ,;f 
th,.  th,„-ax  ,s  v..ry  „a,-,-„w,  Th,.  s„rtace  „f  the  c,.ph.l„th„mx  a,„l 
alKl.,.,.,„a  s..K,„e„,s  is  v,.,-y  finely  sha^n-,.,.„„|,  ,h,.  latt,.r  g,.a.,„l„s,. 
""  th..  s,.i,.s.  Ih..  hai,.„n  this  part  as  w...|l  as  „„  th..  p.lpi  an,! 
'^Z'"^  s„„p|,.,  ,,„t  ,,,„„„,     Th,.  palpi  an.  ,...h,.r  1.,  ,  a,„! 

""""«,,    ^'"'    ''•'""■">■ "   '»   c„nsi,!...-ahly   an.l   s„n„.what    s„l,- 

cnically  pr„t,,  „.ra,,t  al,.,v,.  as  w.-ll  a«  p,-.,t„l,..,.a„t  , it .„, 

u,..!en„.ath.      Ih..    h,.„,..,.al  .i„i„t   at   its    wi.h.s,   p.,.,.   l„.„i,„|    j. 
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uinsidi-iiilily  l.-ss  bread  th:in  long;  the  ciiliital  jciint  is  vi'iy  tumid 
•  111  its  iniiiT  sidi';  thi'  l>nll>  cit'  thi>  pinc-ci-s  is  dis,iiictly  Nmijci-.  t.^ 
thr  base  iif  the  first  claw  than  Its  width  behind  ;  and  the  claws 
are  slightly  curved  and  equal  tn  the  bulb  in  length." 

They  appear  tn  be  cciinniiiner  in  s e  years  than  in  others. 

licKltii'v  (1!)()!))  siiys:  -The  erdinary  habitat  ef  Ch.  nudusm,  as 
Mr  Wallis  Kew  has  iminted  nut  t"  nie,  apix-ars  tn  !),■  anmng  ri'liise, 
that  i.s,  aecunmlatinns  nf  decaying  vegetation,  nnnure  heap.s. 
frames  and  hnt-beds  in  ganlens.     Hi'  refers  tn  its  nccurrence  In  a 


Fill.  m.     CU.riin  .««).,.«».  Sclir. 

niainire-heap  In  the  ..[K'n  air  ai  Lille,  and  draws  my  atteutinn  to 
its  abundance  in  a  nii'Inn-fraiiir  near  Ha.stings  in  189M,  where  ll 
was  fninid  by  Mr  \V.  R.  Kiittei-fii'Id."  In  view  nf  these  facts  it  Is 
nnt  dltficiilt  to  un<ler.stand  Its  fre(|MeTit  ncciMTence  on  the  li'gs  nf 
Hii's,  which  may  have  been  on  the  rubbish  heaps  elthei-  (lir  ilie 
purpise  nf  laying  eggs,  nr,  what  Is  ninre  likely,  l«.cau.se  ihey  have 
recently  enn-rged  fniiii  pu|>iie  In  thnse  places  ,nid  in  crawling  abnut, 
during  the  pr.rt-ess  nf  rlrying  their  wings,  etc..  their  legs  were 
seized    \w    the    C    nndnsuft. 


iiiKitxE.s  yttiHi.sr.i 


\bA 


Ih,.  n,t,.,-n.|ati„n  „f  th,.  Cherue,  ainl  .)/.  ,hme,iic„.  Imvv.v,.,. 
■-m,.„t  „„  |,„|,,  e.,.„pl,.xi,y;  ,„„eh  has  I,,.,,,  writt,.,,  a.ul  nu.nv 
'liv,.,*  vu.ws  a,v  h..l.l  e„„c,..ninK  it.  A.,  i„t,.,v»tinK  lii.st.,neal 
jiecmit  „t  th..  .^•c„rr,.„c,.  „f  th.-s,.  Araehni.ls  „n  vaH.,u.s  ins,..,. 
l<.-.«>.on  K,v,.„  by  K,.w  ,1901,.  Thr.,.  vi.ws  a,v  h.M  i„  ,.x,,h.- 
nat,„n  „f  thv  as.s,KMati„„  arnl  th,.y  aiv  hi-ivHv  the»,. :  First,  that  th.. 
f  Am...,.  l,y  c-linjfinK  l«ssiv,.|y  ,.,  ,h,.  Hv.  „s..s  it  as  a  m.-aus  „C 
tm.,s„„ss,„„  a,„l  ,listrih,„i.,„:  .s,...„n,l,  that  th.- Araehni.l  is  ,„■,.- 
<lac....,.s;  aiHl,  thinl,  that  it  is  ,«,.asiti..  „„  ,h,.  Hv.     Owin.r  t„  ,h,. 

un^„.tunat,.  ahs,.„c,.  „f  ..nvineinK  -^pcri >..al  p,-„„f  in  L,a„-  ..f 

.■ith.-r  ,,,  th..  last  tw„  ,.,,,ni„ns,  it  is  prat-ticallv  in,|«,ssil,l,.  tn  lmv,. 
any  ,l,.h„,„.  „pi„i„„  as  t„  th.-  vali.lity  „f  thcs,. •vi,.ws;  n,.v,.rth,lss 
th..y  an.  wnvthy  „f  ..xaminatinn. 

Th,.  ,iis(«.,.sal  th..„ry  was  h,.|,l  l,y  Pickar,i-CanibH,|,.,.  an,l 
M,„no.  ,18!H,.  \Vh,.th..r  th,.  „th,.r  vi,.ws  a,-,.  h..|,l  ,„.  n„;  thl^r,' 
■»  ".>  .loul,,  that  such  an  as.s,K.iati„n,  ,.v,.n  if  it  w,.,,.  „nlv  acci- 
dental, w„„l,l  n-sult  in  a  wi,!,.,-  ,iist,ib,„i„„  „f  th,-  s|«.ci,.s  „f 
a«-™«.as  th,.  rii,.s  a,.,,  constantly  visiting  fr,.sh  places' suitabi,. 
as  a  halatat  ,„  th..  san,...  Excpt  in  ,„„.  ,„■  tw„  ,.,.c„M,.|  ea.s,.s 
th,.  Amchn,,ls  a,...  alu.-.y.s  attach,.,!  .„  th,.  I,.f;s  ,f  th,.  Hy,  th,.  ..hitin' 
..(  wh,ch  ,s  haH  an,l  ..„„l,l  n„t  b,.  pi,.rc.,.,l,  a  fhct  which  is  h,.|,l  in 
.s..p,j.,,.t  „t  th,s  thcuT  as  ,h,.  „nly  ,.xplanati„n  „tth,.  a.ss„ciati„n 

I  h..  pnas.tic  an,l  p|.,.,iac,..,Ms  vi,.ws  ar,.  cl„s,.|y  ,.,.|af,.,l  Th,. 
Ps,.M,l„-sc.,„.p,„ni,l..a  (■..,.,!  „p„„  sn.all  insects,  which  ilu.v  sci/,.  with 
th..n.  ch..la...  It  is  snKK..st,.,|  by  s,a,„.  that  th,.  CV,^,.;  .s..i„.s  th,. 
I.'SS  .,t  th..  Hy  with.Mit  ....alisn.K  th,.  size  „f  th..  latter.  .\„twith- 
stan.lmK  >t»  s.^.',  h„w..v,.,.,  th,.y  .-..n.ain  attach..,!  nntil  th,.  Hv  ,li..s 
a.Hl  th..n  f..,.,!  „p,n  th,.  b,«ly.     In  s„n„.  ca.s,.s  .-.s  n,anv  as  t',.,,  „f 

th..  Arachnals  l,av,.  n  f.„n„l  „n  a  sin^h-  Hv,  an,!  ic'.h v,. 

".ents  „f  th,.  in.s,.ct  a,.,.  in,,„|..,|  by  th..  pr..s,.n,.,.  „r  ,.  n,„„b,.,  „r 
th,.  6A«7,..v.  ,t  will   b,.  easily  ,n„!,.rst,»K!  that  th,.  lite  „f  ,h,.  Hv 

w,ll  l„.  ,.,n.ta,l,.,l  ,!„.,.,.by.    Ps,.,„!„-,s,.,„.pi„„i,|,.a  hav,.  1 n  „bs,.n,.;i 

t..,.,ln.K„n  th,.  „„t,.sthat  inl,.st  .....tain  s,.,.ci,.s  „f  (•„|,.„p„.,.„  ,„„, 

"   '"'"  ' "  »IW«'"I  that   th,.y  a.ss„ciat,.,l  with  th,-  rti,.s  tia-  the 

s^in,,.  purpus,..  althenKJ.  I  ,!„  ,„„  |<n„w  „f  anv  ,.,.c„n!,.,l  cas,.  „f  .. 
Hy  inf,.st,Kl  wnl,  n,it,.s  ..an-yin.,'  Ilienen  als„.  If  ,l„s  were  th,. 
ca.s,.  th,.  ('Iwn,,s  w„Ml,l  1„.  .,  trie,,,!  an.l  nm  ;,  (.„■  „f  ih,  Hv  as 
Hick.s,in  (l!l{).->)  lias  |Mani..il  ,.iii. 
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There  nre  few  reconla  to  support  the  view  that  the  Ckernes  is 
parasitic  <in  the  fly.  Donovan  (1797)  mentions  the  iwcurrence  of 
a  Pseudo-scorpionid  on  the  body  of  a  blow-fly,  and  Kirby  and 
Spenee  (1826)  refer  to  their  beinj;  occiisionally  jwrasitic  on  flies, 
especially  the  bio  i  fly,  under  the  wings  of  which  they  fix  them- 
selves. It  is  probable  that  the  Vhernes  seldom  reaches  such  a 
position  of  companitive  security  on  the  thorax  of  the  fly;  should 
it  succeed  in  doing  so,  however,  it  woul.l  become  jwrasitic  in  the 
true  sense  of  the  word.  As  I  have  previously  jjointed  out,  little 
e.^iXTimental  evidence  is  at  presetit  available  an<l  further  investi- 
gation is  necessary  before  it  is  jiossible  to  maintain  more  than  a 
tentative  opinion  with  regaiil  to  this  assiKjiatiiai  betwi-en  the 
Chernes  and  the  fly.  It  is  obvious  that  the  as.sociation  will  result 
in  the  distribution  of  the  Psendo-scorpioiiid,  but  whether  this  is 
merely  incidental  and  the  real  meaning  lies  in  .i  piirasitic  or  pre- 
daceous  intention  on  the  iwrt  of  thi'  Arachnid,  as  some  of  the 
observations  appear  to  indicjite,  furthei'  exijeriments  .done  will 
show'. 


MlTES   OR   ACARIXA    HORXE    IIY    HoUSE-KF.IES. 

Most  careful  observers  and  evi^u  casual  observers  have  notici'il 
that  house-flies  are  occasionally  inlesteil  with  small  reddish  mites 
which  are  attached  to  their  ln«lies  in  various  positions. 

As  early  a.s  1735  de  (jeer  obsiTved  small  reddish  Acari  in  large 
numbers  on  the  head  and  neck  of  #.  domestica.  They  ran  about 
actively  when  tcaiched.  The  body  of  this  mite  was  oval  in  shajx-. 
completely  ehitinised,  and  [jolishi'd  ;  the  dorsid  side  was  convex 
and  the  ventml  side  flat.  Linnaeus  (175H)  called  this  mitr  Acinus 
mmcdviim  from  de  Geer's  description,  and  GeottVoy  (17641  louud 
what  appi'ars  to  be  the  same,  or  an  allied  speci.^s  of  mite,  which 
he  called  the  "brown  fly-iriite."  Murray  ( IK77)  describes  a  tl.rm, 
Trombidium  piimsiticum.  which  is  a  minute  bliHwI-red  mite  |)iira- 
sitic  on  the  house-fly.  He  .says:  "In  this  comitry  they  do  not 
seem  so  prevalent,  but  Mr  Riley  mentions  that  in  N,.rth  Anierira, 

'  I  have  since  eiiileavoured  to  tlirow  some  Iwlit  "ii  th[s  question  by  kerpinK 
Chniin  uml  Hies  in  small  viajs.  In  no  case,  however,  did  I  olwene  the  (7.ei-«e« 
feeding  on  the  living  rty.  although  tliey  would  feed  oeeaiionaUv  tin  i\u-  dea--!  fl-^- 
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in  some  «.u«.r.s,  scarcely  a  flj-  can  be  caught  that  is  n„t  intest,,! 
with  a  nmnWr  „(  then,  clinging  tenaciouslv  n.imcl  the  has,.  „f  the 
w.njp,.  Ap  It  enly  p.,s,,es.se.l  six  legs  it  was  ,l„„btless  a  larval 
t"iiii.  T.iis  species  was  ,i»„h,I  Atuma  pimmticum  an.l  later 
A>t„„m  jxtrimticum  by  L,Ureille'.  Mr  A.  1).  Michael  i„t;,n.,e.l 
..»•  that  the  genus  was  te„nde.l  „n  'fromhidirw,  p,m,«it!oum  nf 
Me  (,eer.  They  were  r,.al!y  larval  Trnn.biHii.lae  an.l  Atomu  was 
t.M,.Kle,l  „n  larval  characte.N;  probably  any  larval  Tr.nnbidl.nn 
came  under  the  specific  naine. 


Vm.  70.     .1/,  ,(„,„„„■,,,  inte»te.l  will,  Twmhuliinii  mites  (XI 
MaRniheil  nearly  six  times. 

HewanI  (1911)  .pietes  the  fnlh.wing  e„  the  authori.v  „f  Banks- 
Liitrnlle  based  a  new  get.us  an.l  speci.-s  .,„  „,i,e;  tr.„„  th.. 
h.mse -Hy  an.l  he  calle.l  it  Atomus  ,wrasitkum.  This  is  th,.  vemiir 
"t  ..ne  of  the  Harvest  .Mites  „f  the  family  Trotubi.liida,.  b.'tt  .he 
.^lult  htts  not  been  reared  an.l  is  still  unrecog„i.s,,l  in  Eur,,,... 
Riley  fo„n,l  thes..  harv,.st  n,it,.s  „n  house-flies  in  Mis.so„ri  i,,  s„„„. 
years  s,,  abun.lantly,  h..  says,  that  scarc..|y  a  fly  c.,ul,l  b..  cauyht 
that  was  n.,t   infi-sfd  with    so,„e    of  then,    clinging  t..,„„-i„;,sly 

'  Mmjaziii  Kiwj/iJnpeilhjiif,  Vol.  iv.  p.  I.5,  170.1. 
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at  the  base  of  the  wings.  Later  he  succeeded  in  reorin);  the 
adult,  and  described  it  as  Trombidium  muKarum.  In  ri-cent 
years  Oiwleinans  has  describe<i  Tronibidium  mutcae  fiwni  lar\al 
mites  fimnd  on  h'^nse-Hiea  in  Holland.  All  these  fonnsare  minute, 
«ix-legge<l,  re<J  i,i  .^b  which  cling  to  the  body  of  the  Hy  and  with 
their  thread-lil.  ■  >iandible8  suck  up  the  juices  of  the  host.  When 
ready  to  tran;(  rm  they  leave  the  fly  and  cast  their  skins,  the 
mature  mite  being  a  free-living,  hairy,  scarlet  creature  about 
15  nun.  lung.  The  adults  are  usually  found  in  the  spring  and 
early  summer,  while  the  larvae  are  usually  found  in  the  autumn 
on  hou-se-flies  and  other  insects.''  I  have  illustrated  (fig.  70)  a  Hy 
caught  in  Ottawa  in  September,  1909,  which  is  infested  with  this 
species  of  mite. 

Howard  states  further  that  "  mites  of  the  genus  Pigmeophonis, 
of  the  family  Tarsonemidae,  have  also  been  taken  on  house-flics. 
They  cling  to  the  abdomen  of  the  fly,  but  it  is  not  certain  whether 
they  feed  on  the  insect  or  use  it  simply  as  a  means  of  tnms- 
portation.  The  hypopus  or  migratorial  nymphal  stage  of  several 
species  of  Tyroglyphua  has  been  found  on  house-flies.  This  hypopus 
attaches  itself  by  means  of  suckers  to  the  body  of  any  insect  tkiit 
may  be  convenient.  The  mites  do  not  feed  on  the  fly  but  wIki. 
the  fly  reaches  a  place  similar  to  that  inhabited  by  the  mitis  tin 
latter  drop  off,  cast  their  skins  and  start  new  colonies." 

Anyone  who  has  collected  Diptera  as  they  have  en\erged  fn]m 
such  breeding  places  as  hot-beds,  rubbish  and  manure  heapi  will 
have  noticed  the  fre<)uently  large  number  of  these  insectr.  which 
are  to  be  found  carrying  immature  forms  of  the  Acari.  Thosr  .m- 
beiuf,  transported  merely  by  the  flies  in  the  majority  of  cases. 
Mr  Michael  informe<l  ine  that  he  used  to  call  such  flies  "the 
emigrant  waggons" — a  very  descriptivi>  term.  Many  of  thest^ 
mites  belong  to  the  group  Oamasidae — the  super-fiimily  Gama- 
soidea  of  Banks  (1!)05).  The.s*-  mites  have  usually  a  hard  coria- 
ceous integument.  In  shape  they  ai-e  flat  and  laoad  and  have 
mther  stout  legs.  Sometimes  imniature  forms  of  these  mites 
swarm  on  flies  euierging  from  rubbish  hea[)s.  Banks  holds  the 
opinion  that  they  aiv  not  |)anisitic,  but  that  the  insect  is  only 
use<l  as  a  means  of  tmnsportatiini.  It  is  diflicult  to  decide  whether 
this  is  so  in  all  citses.     I  have  illustrate<l  (fig.  71)  a  .specimen  of 
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thr  Wr  H..«»...Hy.  y.  c„nia,l„ri..  cught   i„  «  ,,,„„;   „„  th- 

who.,,     ..b,.„tt.,  th..s..  ,..it..H,  ..i.,  that  it  L  ...,tr,.„..lv  ,  I  '„ 

tiTt  ";r"T;'  ?"'""'''"  "*"■«  ^"  ••'^-  -""-•''>■  -f  -  >"— 

ik    /«      1'   /         ''f^-"""'""™'  l""  h^'  »t..U,l  that  th..y  «..re  vry 
like  IhnncheUa  atperata  Rrl.w.  ^ 

Th...  speci,„en»  ,„«y  b..  truly  p„m»itic.  ,,s  J  ,„„  i„cli,„Kl  t„ 
a  thuugh  th.  adult„  „.ay  n,.t  k-  »,;  ,.„  th,.  nth.-r  hm„l  this  »;„„, 
Ni'curc  hold  of  ihe  tniriHix.rtinK  insfct. 


attoch«l  l„  the  ventml  side  of  ,|,e  aMomen.  ^  <■«"«»„!» 

Ewing  (19l:j)  .Wrilx-s  „  „,.„  .sp,.ei..s  of  Ga„„.si,l  „m,.  Macro- 
chele.  «„«„«  which  ,»  p„m»itic  o„  Jf.  *;„„,„„,,  nlwavs  atUehi„K 

.t«.|f,  accor,!,,^  to  ,h..  author,  in  , H„i„.  ,,lae.,  n^uuAy,  at  ,h. 

l«i»..  of  t,,..  ab.lo,„,.„  „n  its  v,.„trai  si.l^.,  th,.  antrrior  ..,;,l  of  th,. 
larva  b..ing  .l,r..ci,.,l  forwanls.  It  f..e.is  „„  th,.  host.  Its  clour  is 
|lark  ,v.//o,™/,  br,>w„;  l,.„>j,h  0-97  „„u.,  wi,lth  0-62  „,u,.  I,  has 
lKH.11  foun,l  in  th,.  .Stat,.s  ,,f  f)r,.j{on  ,„„|  X.-^  York 

Ha,m.r(im.9)r,Tonls  (Ja.nasi.l  u.ites  as  jmrticularlv  ,,H;.cti„.. 
Musctna  sUibulane.  ,.sp,.cially  in  i-arly  Jim,..  '  " 
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Bt-rli'Hf  (1912)  hiis  ri'iirtnl  whut  Hl'  udnniilen  to  bo  thu  Aciirnt 
muacaruin  <it'  Linnai'iiM  from  thi*  Stiible-riy,  Mtmcina  atiibularm, 
an<l  BihIn  thiit  the'  adult  belong  ti>  thu  guiiiiH  Hiatiwitonia.  He 
alw)  illiixtniteK  two  AciiridH  iittJicht.il  t<i  M.  dume»ticu  ;  iittjichod  to 
the  right  iinti  rior  tibia  i»  a  larval  Trombidium  and  attafhwl  to  thi' 
Ifft  hind  tibia  is  a  inignitory  HolostaapU  maryiii'iUm  Ht-nn.,  a 
H|K>cifN  which  is  accuKtoini'd  to  attach  itm'lf  to  (-<  iprophagoiiH 
inst'cts. 

By  the  tninsfcrenci'  of  the  hyixipid  or  niigratorial  stago  of 
thorn?  wpt'cii'H  of  mitt'H  which  art?  destructive  to  cheese  and  i>ther 
f«Mxl8,  hoiiHe-riies  are  frt'qiu'ntly  .responHible  for  infecting  Huch  ftjiKls 
with  niites.  While  their  foinl  is  abundant  the  iMlidt  niiten  re- 
prtnluce  rapiilly,  the  young  nutes  developing  into  ndulta  in  a  very 
short  time.  Should  the  lixxl  supply  become  exhausted  or  other 
unfavourable  conditions  supervene  the  almost  fully  gn>wn  mites 
develop  the  hard  pn>tective  shells  characteristic  of  the  hypopat  or 
niigratorial  stage.  Thus  protecteil  they  attach  themselves  to 
house-flies  or  other  flies  and  trust  that  the  inquisitive  wanderings 
of  their  transporting  host  will  carry  them  to  pastures  new. 


Cextipehes  Axii  Spiders. 

The  carnivorous  habits  of  the  centipedes  arc  well-known  but 
the  |wculinr  genus  Scutigera  contains  a  number  of  species  which 
feeil  upon  in.si'cts,  incluiling  the  house-fly,  when  the  opportunity 
occurs. 

In  the  southeni  and  eastern  regions  of  the  United  Stjites  a 
species,  Scutiiieru  forceps  P-af,  occurs  very  frequently  in  houses 
whire,  according  to  Howanl,  its  SukI  cimsists  principally  of  house- 
hold insects  such  as  M.  domeatiai,  clothes  moths  and  small  ci»k- 
roaches.  It  is  a  small  fnigile-looking  animal  with  unusually  long 
legs  and  fewls  at  night,  its  long  legs  apparently  being  of  great 
servici'  to  it  in  capturing  its  pri'y. 

Kunckel  irHerculais(l!)ll)recc)nls  the  occurrence  «(  Scutigera 
culeoptera  L.  in  France  wheiu  it  occurred  es]X'cially  in  privies, 
hunting  Hies  by  night,  its  chief  prey  being  the  latrini'  fly  Ftiimui 
aculiiriii,  which  breeds  abun<lantly  in  such  places  (see  p.  1U3). 

The   genus  Scutigera    is  very   widely  distributed,   /S.   smithii 
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Newi«.rt  i«.«n.  in  Aii»tmlm  u„,|,  lik,.  th,.  ,ifnr...,K.ntiom,l  »,*,.i,.H 
has  l),...ii  f„iii„|  to  hunt  th.'  hnii«-riy  l>y  ni^ht'. 

Thf  ri'latinnx  which  .xi.st  Ix'twirn  H|,i,l,.rs  n»,\  Hi,.s  ,«v  »,, 
univrmilly  r.<-M>n,i.«,|  th»t  it  i,  ,|iffic„lt  t.,  ,n.ik..  an  -liirinal 
<.h».m,tion  nn  th..  subject  an.l  (.rhap  hanlly  n..c..H.s„rv  in  an 
accM.nt  ..I  this  natur...  H..u»..  «|,i,l..p.  ami  ^mU;,  ,,,i,i,.„  will 
<l..v,.ur  whatever  h„UHi.-Hi..«  ■■  walk  int..  th.'ir  iwrl.,u|.»,"  an.l  tho 
ittl..  jiinipnig  Hpiik.r  .Salticm  scenkiia  nuiy  b..  fr.H,u.Titlv  ..l.«.nwl 
leaping  iipi.n  Hi.»  aliii.>Ht  twic  its  xiu: 

'  Becently,  I  cptunrf  .SV-,.»i,,.™  „„,;,.  i„  Toronto  (C.n«U)  >n.l  M  it  on  Hi... 
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CHAPTER  XI 


THE  FUN(JAL   DISEASE  :    EMPUSA   HUSCAE  COHN 

Probably  the  most  important  of  all  the  enemies  of  the  house- 
fly is  the  parasitic  fungus  Etnpma  muscae.  Towards  the  end  of  the 
summer  large  numbers  of  flies  may  be  found  attached  in  a  rigid 
condition  to  the  ceiling,  walls  or  window-panes.  They  have  an 
extremely  life-like  appearance,  and  it  is  not  until  one  examines 
them  closely  or  has  touched  them  that  their  !n.-inimate,  so  far  as 
the  life  of  the  fly  is  concerned,  condition  is  discovered.  These 
flies  have  been  killed  by  the  fungus  Empma  muscae  Cohn,  and  in 
the  later  stages  of  the  disease  its  fungal  nature  is  recognised  by 
the  fact  that  a  white  ring  of  fungal  spores  may  be  seen  around  the 
fly  on  the  substratum  to  which  it  is  attached  (fig.  72).  The 
abdomen  of  the  fly  is  swollen  considerably,  and  white  masses  of 
sporogenous  fungal  hyphae  may  be  seen  projecting  for  a  short 
distance  from  the  b(x1y  of  the  fly,  between  the  segments,  giving 
the  abdomen  a  transversely  stript'd  black  and  white  appearance. 

The  majority  of  flies  which  die  in  the  late  autumn— and  it  is 
then  that  most  of  the  flies  which  have  been  present  during  the 
summer  months  perish— are  kille<l  by  this  fungus.  Its  occurrence, 
therefore,  is  of  no  little  economic  value,  especially  if  it  were  possible 
to  artificially  cultivate  it  and  destroy  the  flies  in  the  early  summer 
instead  of  being  compelled  to  wait  until  the  autunm  for  the 
natural  course  of  events. 

Empusa  muscae  belongs  to  the  group  Entoniophthoreae,  the 
members  of  which  confine  their  attacks  to  insects,  and  in  many 
cases,  as  in  the  case  of  the  present  species,  are  prwiuctive  of  great 
mortality  anio.g  the  individuals  of  the  species  of  insect  attacked. 
In  England  it  may  be  found  from  the  beginning  of  July  to  the 
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IS  the  onlv  stwr-in-  -  e  p  ,     ,  *"'  ti<>u«e-flv  iim     t 
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in  England  where  it  .-TT     /''""',^''™  '•™-"l«l  ""t-„f-,l,„.r., 
K  vvnere  ,t  «as  found  attacking  a  species  of  Syrphid, 
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E.  americaiia  Thaxter.  E.  aiiierimna  iittiicks  blow-Hies  luiil  other 
flics  similar  in  size  to  the  house-Hy  and  is  frequently  found  out-of- 
doors. 

E.  mmcae,  besides  occurring  on  M,  domestica  has  been  founil 
on  several  siK'cies  of  Syrphidae  and  also  on  Lucilia  caesar  and 
CalUphora  vumitoi'ia. 


Fm.  73.  (d)  LongUudina'  (sagittnl)  section  of  abdomen  of  M,  domegticay  wbicfi  liii» 
been  killed  by  F.mpum  mititcae,  showing  the  feltwork  of  fungal  hypliae  tilling 
the  Initide  of  the  abdominal  cavity  and  the  production  of  conidia  in  the  inter- 
segmental  regions,  x  12.  c.  Conidiophores  producing  conidia.  /.  Fungal 
hyphae. 

(/()  Four  conidiophores  showing  the  formation  of  conidia  (ir).     x  100  (approx.). 

((-)  Conidium  of  Empiiga  nmneae.     x  400.        o.if.  Oil  globule. 

The  developmeni:  of  the  house-Hy  funj^us  Empusfi  muscae  was 
very  carefully  studied  by  Brefeld  (1871).  An  Empusa  si^ore  which 
has  fallen  on  a  fly  rests  among  the  hairs  covering  the  insect's  bcnly 
and  there  adheres.  A  small  germinating  hypha  develops,  whicii 
pierces  the  chitin,  and  after  entering  the  body  of  the  victim  pene- 
trates the  fat-body.  In  this  situation,  which  remains  the  chief 
centre  of  development,  it  gives  rise  to  small  sjjherical  structures 
which  germinate  in  the  same  manner  as  yeast  cells,  forming 
gunuuae.  These  sepivrate  as  they  are  formed,  and  falling  into  the 
blood  sinus  are  earned  throughout  the  whole  of  the  body  of  the 
fly.     It  was  probably  these  bodies  that  Cohn  (1855)  found,  and  he 
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explained  their  presence  as  li..iiiir  .1,.     t 

L     1    ,.         ,    ,      '  "^'"K  '"'e  t"  spintaneous  L'eneriitinn- 

S  i     file     ,     h  ^h'   '  "T™  ""''  "^S-™'''     The  wholJ 

The  hitter  pierce  the  softer  portions  of  the  b,Kiy.wall  betwee. 
the  seg,„e„ts  and  pro.l„ce  the  short,  stout  conidiophores  (c  ;!vhieh 


are   closely  packed    together  in  a  pdisade-like  .nass  to   form   a 

o  np.ct  wh,te  cushion  of  co„idi„phores,  which  is  the  tra  rrse 

whte  „ng    hat  one   finds  between  each  of  the  segn.ents  Ta 

(t  miT    :''""^"'-".">'."«--d,  fly.    A  eonidiun.  n'.w  devel  p! 

Iht  Wh'  :'  "'"•^'"'^"'■"  "'  ''"'  '•P'^"'  "'Si-  "f  the  coni.Jio. 
phore  When  it  is  ripe  the  conidium  (fig.  73, c)  is  usually  bell- 
shape,!  measuring  25-30^  in  length;  it  generally  contains  a 
™gle  o„.g,obul..  („.,.,     In  a  remarkable  ..fanner  it  i:t:  lot 
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off  from  the  conidiophore,  usually  for  a  distance  of  about  a  centi- 
metre, although  I  have  seen  spores  discharged  to  a  distance  of 
70  mm.  In  this  way  the  ring  or  halo  of  white  spores,  which  are 
seen  around  the  dead  fly,  are  formed.  My  friend  Mr  H.  T.  GUssow 
has  confirme<l  in  conjunction  with  me  the  external  infection  by 
the  conidiospores.  He  has  also  found  that  the  coi.  Jiospo.es  may 
be  taken  up  through  the  mouth,  and  flg.  74  shows  the  pro- 
boscis marks  of  flies  which  have  been  feeding  on  the  discharged 
conidiospores. 

In  some  cases,  although  I  find  that  it  is  not  an  invariable  rule 
as  .some  would  suggest,  the  fly,  when  dead,  is  attached  by  its 
extended  probt>8cis  to  the  substratum.  Giarrl  (1879)  found  that 
blow-flies  killed  by  Entomophthon(  caUiphora  were  attached  by 
.  .e  posterior  end  of  the  body.  If  the  conidia,  having  been  shot 
off,  do  not  encounter  another  fly,  they  have  the  power  of  producing 
a  small  conidiophore,  upon  which  another  conidium  is  in  turn 
developed  and  discharged.  If  this  is  unsuccessfid  in  reaching  a 
fly  a  third  conidium  may  be  produced,  and  so  on.  By  this  peculiar 
arrangement  the  conidia  may  eventually  travel  some  distance,  and 
it  is  no  doubt  a  great  factor  in  the  wide  distribution  of  the  fungus, 
once  it  occurs.  On  the  fly  itself  short  conidiophores  may  be  found 
producing  secondary  conidia. 

Reproduction  by  conidia  appears  to  be  the  only  form  of  gene- 
ri  ion,  as  we  are  still  uncertain  as  to  the  occurrence  of  a  resting- 
spore  stage  in  this  species.  Winter  (1881)  states  that  he  found 
resting-spores  in  specimens  of  M.  dometHca  occurring  indoors; 
they  also  produced  conidia  which  he  identified  as  E.  miucae. 
These  azygospores  measured  30-50  /*  in  diameter,  and  were  pro- 
duced laterally  or  terminally  from  hyphae  within  the  infected  fly. 
Giard  («.c.)  describes  resting-spores  which  were  produced  externally 
and  on  specimens  found  in  cool  situations.  Brefeld,  however,  is  of 
the  opinion  that  E.  muame  docs  not  produce  resting-spores.  The 
question  of  the  production  of  resting-spores  needs  further  investi- 
gation, and  it  is  one  of  some  importance.  In  the  absence  of 
confirmatory  evidence  it  is  extremely  difficult  to  understand  how 
the  gap  in  the  history  of  the  Emjnaa,  between  the  late  autumn  of 
one  year  and  the  summer  of  the  next,  is  filled.  A  number  of  sug- 
gestions have  been  made,  many  of  which  cannot  be  accepted;  for 
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examplu,  Brefelfl  believes  that  the  Empum  is  ecntinued  over  the 
winter  in  wanner  regionH,  migrating  northwards  with  the  Hies  on 
the  return  of  the  summer  I     In  the  case  of  Entomophtliora  cal- 
liphara,  Giard  believes  that  the  cycle  is  completed  by  the  corpses 
of  the  blow-flics   falling  to  the  ground,  when  the  sj,  res  might 
germinate  in  the  spring  and  give  rise  to  conidia  which  infect  th(! 
larvae.    Olive  (1906)  studied  the  species  of  Empma  which  attacks 
a  species  of  Sciara  (Diptera)  and  found  the  larvae  infected.     He 
accordingly  thinks  that  the  disease  may  be  carried  over  the  winter 
by  those  individ.ials  which  breed  during  that  period  in  stables 
and  other  favourable  places.     As   I   have   shown,  M.  domeatica. 
under  such  favourable  comlitions  as  warmth  and  supply  of  suitable 
larval  fiHxl,  is  able  to  breed  during  the  winter  months,  although  it 
is  not  a  normal  occurrence  so  far  as  I  have  been  able  to  discovi^r. 
If,  then,  these  winter-produced  larvae  could  become  infected  they 
might  assist  in  carrying  over  the  ftmgus  from  one  year  to  the 
next,  and  thus  carry  on  the  infection  to  the  early  summer  bicHxls 
of  flies.     This  suggestion  and  the  possible  occurrence  of  a  resting- 
spore  stage  or  the  infection  by  conidiospores  surviving  from  the 
previous  year,  appear  to  mo  to  be  the  probable  means  by  which 
the  disease  may  be  carried  over  from  one  "  fly-seiison  "  to  the  next. 
Until  this  gap  in  the  life-historj-  is  filled  it  will  not  be  ;^ssible 
to  determine  experimentally  the  practical  value  of  this' fungus 
as  a  means  of  destroying  the  house-fly.     No  one,  so  tiir  as  I  am 
aware,  has  yet  succeeded  in  rearing  the  fungus  on  artificial  media 
although  many  attempts  have  been  made.     Nor  has  it  been  pos- 
sible in  my  own  experience  to  infect  flies  from  flies  of  a  previous 
year  which  have  been  killed  by  the  fungus.     Investigations  are 
now   being  conducted,   according  to   Bernstein   (1910),  on   this 
parasitic  I'ungus  in   connection  with    the   enquiry  of  the    Local 
Government  Boarrl  and  the  results  will  be  awaited  with  interest'. 

'  Since  the  above  wm  written  two  interesting  papers  on  tliis  subject  have 
appeared. 

GiUsow  (1913)  has  given  tile  results  of  a  careful  investigation  on  the  life-history 
of  £.  iiimcae.  He  did  not  succeed,  however,  in  carrying  cultures  of  the  fungus 
from  spore  to  spore  outside  the  fly  and  failed  to  find  resting-spores.  His  observa- 
tions indicate  that  flics  may  become  infected  by  ingesting  the  spores  into  the 
alimentary  tract. 

Buchanan  (1913)  studied  chiefly  the  possibility  of  bacterial  dissemination  by 
the  spores  of  K.  muicae  and  found  that  the  spores  were  able  to  take  up,  and  to  carry 
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when  disclmrKeil  from  the  bodies  of  the  HieH,  bticteria  of  the  colon  K<'oup.  Ho  wak 
uniible  to  cultivate  the  funKiw  Hrtiticiivlly.  From  the  fact  tliat  in  the  b»ly  of  the 
tlim-aaed  (ly  the  funKiil  hyphae  closely  invest  the  chorion  of  the  emH  he  Wlicves 
that  the  hirvae  einerwInK  from  such  ejjgs  raiKht  become  infected  with  the  funKua 
and  thuH  tranHuiit  the  infection  to  the  next  generation.  I  ghoutd  point  out,  how. 
ever,  that  there  are  two  atron^  otijectionu  to  this  possibility.  Fir^t,  once  a  tly  ia 
attacked  by  the  fundus  it  would  be  incapable  of  ovipositinj,'  by  the  time  the  diaenae 
had  reached  a  staKe  where  the  ovaries  have  become  infected  with  the  fundus. 
Secondly,  even  did  the  first  objection  not  exist,  the  emerKence  of  the  larva  from 
the  e^K  ia  of  auch  a  nature  as  to  permit  the  Iar\'a  to  escape  infection,  especially  aa 
the  fimKiil  hyphae  do  not  penetrate  tlie  chnrion  of  the  ckk- 

Buchanan  records  the  fact  that  Morgan  has  aucceedeil  in  obtHininK  an  artificial 
culture  of  the  flm^,'U«  (see  Urit.  Med.  •foiini.  Jan.  4th,  IfllH), 


CHAPTER   XII 
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Parasitic  Ivects. 
Like  uthcr  in«.ct«,  thi'  hoiist-fly  w  wihji.ct  tc,  th.'  attack  „(  a 
varii'ty  i,(  pirasitic  .■n.^mit-s  and  in  tho  coursf  „f  winu.  investi- 
gatiwiH  ,n  1!)0S  „n  thi.  hmis,..fly  in  Illinois,  Girault  and  San.U.ra 
(1009, 1910)  found  a  nunibtr  uf  Chalcidoid  parasites  of  JA  ilomestica 
and  Its  near  relatives.     They  all  appiared  to  belong  t.,  the  family 


Flo,  73.     Sjjalmiriid  sp..  a  parasite  reared  from  .1/.  ,lom 


PteroniaUdae  and  three  genera,  namely,  Spalangia  (Hg.  73),  Xasimia 
and  Muscidifimu  were  discovered  attacking  M.  domesUca  and  other 
JIuscids,  the  la.st  genus  being  previously  undescribed. 

In  the  tii-st  of  the  two  papers  mentioned  the  pirasite  Nusonia 
brmconm,  a  new  species,  is  described.  This  parasite,  the  author 
state,  ,s  "stohd  and  serious,  little  heeding  e.xternal  inHuenc'S  and 
disturbances,  quietly,  persistently  giving  its    whole  attention  to 
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rrpri.  Iiicti.iii."  It  iittucks  iV.  rfi/mc»hc<i  in  i  !<■  |iii[»il  x.-tff:  Tln' 
feiitatf  ir«  u  niiiiiitf  iiiMcct  iiicuNurin^  trnin  1  inni.  to  2'M()  iniii.  in 
li'iigtl)  antl  if*  111'  a  iiiftaltic*  darlv  liruM-sy-j^rrvu  colour;  the  i-yi'h  arr 
Kamit  ccpliiiiii'd.  Tho  niali'  is  almiit  niu-thinl  »inallir  than  thr 
fi'niair,  varying  In  lfnj,'th  frmu  ()6()  mm.  ti>  20()  It  Is  linhtir 

In  fnlonr,  mnn*  liraMsy  in  ap{>faranci>,  niftaliic  aiiu  ^n-i-n  ;  tht-  I'Vfs 
arc  N<anctlmt>H  a  brltllant  carmini*.  The  win^  'ti  tin*  malt-  apfx-ar 
to  lie  fnnctii>iiU'H.s  as  thi'y  have  never  l)ecn  wen  to  Hy  ami  althmi^'h 
the  female  is  able  to  tly  huth  sexes  a|)|K-ar  to  piet'er  to  crawl  ami 
are  able  to  crawl  i|uickly.  They  retiri»liice  very  rapiilly  like  must 
Pteromalit)  [Ntrasites.  Ma^^nts  and  pi.paria  of  *)/.  rfMmew(*'c(/ were 
placed  in  a  breeilinj;  jar  with  fiMnales  of  Xaaimiu  hrevicuniia  <m 
September  9,  lOOM ;  n-pHxliiction  of  the  jKirasites  occurred,  and  on 
Septeiiibi'r  20,  I90K,  males  and  females  of  the  Ptero  nalid  piirasitis 
cmergeil.  The  average  life-cycle  of  Xaauniu  breeicornis  under 
natural  tempi'raturi  .  is  22^  days;  the  duration  of  the  develop- 
ment is  longer  in  the  spring  than  in  the  summer.  The  ])in"isite 
hibemates  in  the  larval  stage  in  the  puparium  of  its  host  and 
transforms  to  a  piipi  in  thi'  spring:  a  numlwr  of  .siH'cies  of  Ptero- 
nialids  have  this  habit. 

Another  parasite  of  this  group  which  these  authors  have  found 
attacking  the  house-tly  is  I'achycrepuideug  dn'nus.  It  was  reared 
in  experiments  with  A'dsoniu  brevicuniis  and  was  obtained  from 
the  pupae. 

The  scime  aiithoi-s  also  describi'  a  thini  Pteroiualid  pirasite 
attacking  Musca  domestica  and  its  coprophagous  allies.  Tnis 
species  they  have  named  Muscidifumx  raptor ;  it  is  a  minute 
black  inseet  with  clear  wings  and  is  somewhat  solitaiy  in  its 
habits.  The  female  appirently  lays  from  thirty  to  forty  eggs 
which  are  deptisited  in  the  piipie,  in  thi;  interior  of  which  the 
last  annual  brood  [)a.s.ses  the  winter  as  a  full-grown  larva.  The 
average  tluration  of  the  summer  broo<ls  was  l)et\veen  nineteen  and 
twenty  days. 

Richardson  (1913)  has  described  a  new  si)ecies,  Spulani  • 
muscidarum,  which  was  bred  rrom  the  pupae  of  M.  domestica  and 
of  Stomoxys  ralcitransK 

'  More  recently  Richardson  (19t3)  has  described  the  habits  nnd  development  of 
Spalangia  mugcidariim.    The  highest  proportion  of  parasitised  house-fly  puparia 
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There  is  no  dimbt,  .iu(l){in){  t'rciiii  the  imiiieiii-il  .ibiiiKlaiiiv  of 
the  iibiive  |iiinwiteH  which  the  iiuthi)rx  indicate  in  their  i«i|Hr>«, 
iind  I'rnin  my  n»n  ohwrviitienH  in  the  caw  of  .mother  s[iecie»  of 

Pteronialid,  that    the«e   parusiiteN   ai f  ini|)ortance    in    lioldin^r 

M.  dumeatica  in  check  when  the  |)arasite»  are  antticiently  ahmidant. 

In  ail,  .tion  to  the  many  Chiilcid  (uiraxiten  of  .1/.  ilunieatica.  a 
number  of  |)arasite»  bilon^finf;  to  thi'  family  Cynipidae  have  been 
reari'd  fron;  the  honse-Hy.  Most  of  the  "cyiii|)iilae  are  minute 
Kall-forminx  insects,  causing  »ane  of  the  well-kiiewn  jjalls  on 
-Innts  inch   as   the   oak   gnlU..     One   s'lb-faiiiily,   the   Fit,'itiiies, 


Fio.  76.    Fi'iiteit 


however,  are  parasitic  on  the  larvae  of  insects,  havii:;;  Ix'eii 
tained  from  dipterous,  neuropteriiis  and  coleonterous  la.vai-   lui. I 
they  ilo  not  attack  plants.     These  insects  are  describeil  by  Ki.  * 

found  was  9  Simtaiigia  lan-ae  am]  pupne  from  22  piiparia.     He  found  two ,;. 
tions,  and  a  tliinl  more  or  less  irre^n^Ia^ly,  each  year  in  Massacliusetts.     Tlip  \ 
is  probably  passed  in  the  pupal  staRe  and  the  parasites  emerge  in  the  spring'. 
second  and  stronKest  generation  emerftes  during  late  July  or  August,  while  a  thi 
may  appear  late  in  September  or  early  October. 

Bishopp  (1913)  found  S.  iiiiimthnim  a  parasite  of  M.  dimeHk-ii,  ytimo.rti^  ,',>!.  t 
traim  and  Haematolnit  fernitn  in  Texas. 

Pinkns  (1913)  studied  the  life-history  and  habits  of  Sp,ilaiii,i„  miiK-U.iriim  as  ,> 
parasite  of  S.  cikUraM  at  Dallas,  Texas.     The  panwitism  of  .V.  ilimniim  w, 
also  studied  and  he  discusses  the  possibility  of  the  artificial  propai;.'  ion  of  th, 
parasites. 
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( l!M)2)  in  his  n.ixmph  c.ii  ihi'  Cviiipi.liic.     Thi'  miImi-s  „(  thr 

K^Miis  Fifiile»  (ti.,'.  7(i)  iiri'  |»ira»itic  mi  iliptciipiiH  liiiviir  which  llvi' 
III  variiiii-i  ki.il!.  «(  ixcii'im  lit,  iiikI  in  i'iiiiM'i|iifnci'  ihi'  iiiiimti' 
aihilt  Hi.«  may  \k  i-aiixht  l'ni|iii.|itiiij{  human,  hnrsi^,  c,™  an>l 
■  >th.r  kiiiil.s  of  i-xcifmi-iit  fur  ihf  imriniw  ..f  (lr|i.,sitin);  th.^ir  rgffn 
"n  the  iliptrnais  larvae  which  may  bi'  f.iiiiid  thiiv,  Thr  »|i.cii'8 
iiioNt  commonly  attacki'd  belong  to  tho  >,'..ni-ia  i.l  thv  ihptriouM 
famiiicss  which  havi-  eo|)r.i|iha);cai.s  larvao,  such  a»  thi'  Mmcidiie. 

Anthi,mi/i(l(ie,  Siimi/Jiatiidiie  and  Sciituphiigldtie.     'I'hi-  com nest 

N|)i'cics,  Fiijites  nciitelliiniis  Hi>m,  has  bcon  naiivl  by  Fiiistii-  froni 
M.  dumeHiicii  accoiilinj(  t.i  Dalla-Toiic.  Othir  »|K.ciis  which  han- 
been  reared  from  .1/.  dumeaticn  arc  F.  atnvlntiia  and  F.  mitlio- 
mytiirum.  Further  invcHtiKations  will  no  doubt  indicate  that  a 
imiiiKr  of  thi'  siiecics  of  Figiten  which  have  already  been  de- 
scribed arc  able  to  paraaitise  M.  doinesticii. 


Pbedaceous  Insects. 

As  Howanl  has  pointed  (ait,  it  is  a  remarkable  fact  that  the 
larvae  of  jV.  dutnesticit  ari'  not  destroyed  to  a  greater  exti'iit  than 
our  oKservations  would  appear  to  indicate  by  the  numerous  species 
of  prcdttceoiis  insects  which  feed  upon  .soft-b(j<lied  insects.  To 
a  small  extent  the  ground-beetles  (Carabidae)  and  rov  -beetles 
(Staphylinidae)  may  sometiines  be  fiaind  feeding  or  inducwl  to 
fewl  ajxai  the  larvae  of  M.  domesticii,  but  not  to  the  extent  that 
they  are  accustomed  to  feed  upon  other  soft-bodied  larvae  snch  as 
many  Icpidopteroiis,  coleopterous  and  other  dipterous  larvae. 

Packard  (1874)  records  the  occurrence  of  what  was  probably  a 
Demiestid  beetle,  which  ht'  figures;  this  was  found  by  him  in  a 
piipi  of  M.  domesticii.  Berg  (IHitH)  states  that  in  South  America 
a  s|)ecies  of  beetle,  Trox  suberosiis  F.,  locally  known  as  "  Champi," 
is  an  indirect  destructor  of  the  conniion  Hv. 

Ants  are  fi-equently  resiKjnsible  for  the  ilestriiction  of  ^f.  du- 
meatica  in  the  egg,  larval  and  adult  stage.  Wheeler  (li)lO)  reconis 
ants  feeding  on  hoiise-fliivs  and  their  larvae.  He  informs  me  that 
he  has  seen  the  Fire  Ant  Siileni>p.si.i  (jeinimitii  Fab.  at  Quiragua, 
Guatemala,  feeding  upon  the  larvae  of  .1/.  dimestkii  which  they 
extracted  from  human  excrement.     Howanl  (1911)  refers  to  the 
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'.''■""•"^■' '  ".V  I'""'"  I'.v  ■•■■'I  »nl»  in  Ariz..,,,,.     1,  «„„|,|  ,,,„„,„, 

'";■""■'■■  ;•""  "^ i.^-  "'"^  'I •  I'iv.v  i.|H.„  .11. ,/ ,.tin, ' .,  ,„; 

;;;;:::i,:r"' ''■ "-^  ••' ■■■  i-' ■>■  '---i- 

T[„.  ,■.,„„„„„  s|».,.i,,s  „!■  «,,„..  ,  Ve.,,.,  ,,,,,.,  |,„v,.  1,,,,,,  ,r ,.„,l, 

ITk'"  •■    '''7'"  '"'•« ■"■■•"■  --^  •'"»" '  ""Ki r  wi,;. 

lm,l  b,-.„  ,.„K„K...|  ,„  r„,lr,«i,l   f.,.„tr,icti.,i,  i„  „,.,,|„.n,  (,,„„h„ 

,""''"■''    ' ""•    i".v»tificati„„    <.„„„,.,|    t,v    ,h,.    ,„,„..,„,.   „, 

i.y  n,i„,lH.r»  „(■  th..  ,vi„K,  „f  Hi,.„  „„  ,i,,  ,„|,|,,  „,■  j,,,.;,.  ,  ^,^._^ 
Oi,  ,„v..s,,g,.ti.,n.  it  «■„»  t„„„.l  ,h,.t  „  l,„B,.  ,,H,..|...,  „,■  „.„«,,  „„s 
catch,„K  th..  H„.«  ,„  ,h,.c„bi„:  aft.T  c„i,t„ri„g  „  Hv  th.  «„s  ,  ,„„k 
■t  to  „  beam  i„,„„.,li«t..|y  „v.r  the  t.ibU.  „„,|  thv,x-  nit  .,tf  th,. 
wings  bef„n.  eating  it  „t  caming  it  away 

Th..  large  haiiy  R„),b..r-flies  „f  th,.  ,li,,t,.r„„s  ti.n.ily  AMlae 
fr..,,i..,tly  catch  Hu-h.  I  hav..  „l,s..rv...l  „,„|  c,.pt,ir,.,l  I.apl„i„ 
cams  Will.  ,„  the  act  ..fetching  an,l  ..ating  .)/.  do.,w.ticu'. 

In  s,„„..  parts  „r  In,lia  it  is  th,.  est I  hav,.  !„.,.„  i„,;,„„,,| 

by  r,.s„l..r  „  th :,t  cnntry,  t„  ..„,pl„y  a  s,«.ci,.s  „f  M„„i,\  „n,.  „f 
the  preihit        ••  praying  in.s,.ct.s,"  to  ,l,.str..v  th,.  h,.iis,.-Hi..s 

Coinp..re  (l.)12)  has  lo,in,l  .-arwigs  ,l,.;troyi„g  the  n.aggots  „f 
st..ble-Hies  in  fWsh  n.anur,.  i„  southern  China  a,„|  lH.|i,.ves  that 
tii,.y  ar,.  an  „„,„,rtaiit  tactor  in  the  control  of  hous..-Hies  in 
H...igkong.  It  is  haitlly  lik..ly,  however,  that  they  «o„l,l  ,.„.,.t 
so  great  an  iiiHii,.nce  as  is  .  uggeste,!. 

The  ,l,.stn,cti,.n  of  th,.  hirvae  of  Jf.  domestic,  l,v  the  larva,,  of 
the  allu.,1  „,„.sci,l  M,„c,m  „ab„l,u„  ai„l  of  H,,dn,t„ea  de„Hm., 
IS  r,.conle,l  by  P,.rtchin.sky  (ini3).     II,.  f„„n,l  that  th,.  larva.'  of 

iV.  sU,bidm,s,  having  c pl,.t,.,|  the  secon.l  .stag...  (ollo,v  ami  attack 

thelnr^a,■of  M.  domestkn  an,l  soon  e.vt.-rnnnate  all  that  hapix.n  to 
b,-  living  with  them.     Th,-  larva  of  J/,  slabulms  that  ha,l  kill,.,l 

'  Si"'^=  'he  above  .«,  „-,itte„  I  have  ,lcscribe,l  ,H,.  :,„,  I9U)  ,l,e  pre.Iaceou, 
1  .,b.t,  of  ,l,e  .on,mon  yellow  ,lun«  fly  .SV,,,,,;,,,  ,,,„  .,„,,,„„  .  L.  which  ZTlZll 
,le8troy,ng  ,1/.  ,fo„,„i,™  ami  other  Muscidae. 
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the  larva  of  M.  dvmestica  was  never  (ibserve.1  to  ilevour  it  alone, 
a  number  ..f  other  individuals  usually  joined  in  the  feast  Nor 
were  the  larvae  of  M.  stabulaus  cner  seen  to  devour  each  other 
Fortchinsky  also  found  that  thev  w,>uld  bore  into  and  eat  the 
IxKlies  of  dead  flies.  The  habits  of  M.  st„b„l„ns  are  consi.lered 
later  (pp.  207-210). 


Vertebh.vte  Enemies. 

That  the  house-Hy  has  a  number  of  vertebrate  enemies,  exclu- 
sive of  man,  is  a  matter  of  common  observation.  Cats  will  s.)me- 
times  sit  in  a  window  an.l  catch  flies.  Rats  have  also  been  ol>serv,.d 
destn.ying  Hies.  Binis  will  ,lestroy  M.  domestim  in  both  the 
adult  and  larval  stages  though  not  in  pref,-reiice  to  other  species 
01  insects. 

Poultry  will  feed  upon  the  larvae  and  pupae  of  J/,  domestim 
which  they  may  find  in  the  stable.yai-,1  and  are  .sometimes  of  some 
.service  in  this  respect. 

Lizards,  toads  and  frogs  will  capture  the  adult  flies  whenever 
an  opportunity  occurs,  but  their  influence  in  the  matter  of  contro, 
IS  too  slight  to  be  noticeable. 


CHAPraR  XIII 


PROTOZOAL    PARASITES 
//A7;/>AT„.„„.V,,s    .,„-,«,u-/,O.I/£,ST/<.l,.    BlKXETT. 

otl^^^pece.  o,  HageMat..  inhabiting  the   aiin,™,;^' ^l;:';:! 

In  1878  Stein  figured  a  flagellate  which  h.-  cille,!  f»...„ 
mmcm-domeMcae,  itlentifving  it  with  the  R,.  ^;^'™"«"«'« 

J^.   b,  Bn,.ne„  an.  1'^^!;^:= tt^^ 

Krhi::^~t:r:::r:::rr---7'i: 
p^wa..  (im).,e.c„be.i  with  K-^::^-!"::,  tixi^i  ri!^ 

th,s  species.     In  the  previo,,.,  year  Leger  (190H-I<J0<nh  ^ 
a  short  account   of  the   species.     Patt^.n  WsS  f  *"T" 
escribed  the  lifi-history  of  ^.  .nuso.e-,orJ!tZ,    nd     is tei 
has   been    confinned    by    Porter  ,U.O!)),    Mackinnon    (T^/o)   .;"d 
Wenyon  (1911  and  1913)  who  in  his  later  pawr  riv.s  „  f  , 

account  of  the  cytology  of  the  Hagellate      ^'       ^         "  ''""■^"' 

length.     The  body  ,s  Hattened  and   lancet-shap.d,  the  ,>,steri,r 
end  bemg  pointed  and  the  anterior  end   bluntly    oun  1.^      The 
ah-eolar  endoplas.n  contains  two  nuclear  structures,      nth    centre 
IS  the  large  " trophonucleus "  itr.);  it  contains  gmnul     .f    h  ' 
matin,  but  is  .sometimes  difficult  to  see.     Near 'the  antrtnd 
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the  deeply  . staining  r,Hl-»haped  "  kinetonucleus  "  (blenhnruplast  of 
many  authors)  (k.)  lies,  usually,  in  a  transverse  position  The 
«ingle  stout  Hagelluiii,  which  is  a  little  longer  than  the  body  of 
the  flagellate,  arises  from  the  anterior  end,  near  the  kinetonucleus 
Prowazek  describes  the  flagellu.n  as  being  of  a  double  nature  and 
having  a  double  origin;  this,  which  is  a  mistaken  interpretation 
IS  repeated  by  Lingard  and  Jennings  (1906).  Prowazek  (1U13) 
has  eorrecte<l  what  he  considei-s  misinterpretations  of  his  original 
statements  concerning  H.  vmscae-donieistiaie.  By  statistical 
inethotls  he  has  found  that  the  greater  number  of  the  flagellates 
examined  in  Rovigno  are  biflagellate. 

This  mistake  concerning  the  double  nature  of  the  flagellum 
was  pointed  out  by  Leger  and  Patton,  and  their  ideas  have  since 
been  confirmed  by  Porter,  Mackinnon    and    Wenyon,  who    have 
studied  this  and  other  species  of  Herpetomomts.     In  some  flies 
Porter  found  that  practically  every  H.  muscae-domestic.-e  which 
was  seen  exhibited  the  so-called  "  double-flagellum."     The  appear- 
ance of  a  double-flagellum  represents  the  beginning  of  the  longi- 
tudinal division  of  the  flagellate  (VI).     Patton  (1308)  figures  a 
stage  in  H.  lygaei  with  a  double-flagellum,  and  Leger  (1902)  and 
Porter  found  the  same  app^'arance  in  H.  juculum  preparatory  to 
division.     From  the  figures  that  these    authors  rive  it  may  be 
understoo.!  how  this  mistake  has  arisen.     Through  this  misinter- 
pretation Prowazek  was  led  to  con.sider  that  the  parasite  wa.s  of  a 
bipolar  type,  m  which  the  b,«iy  has  been  doubled  on  itself  so  that 
the  two  ends  came  together  and  the  flagellum  remained  distinct 
The  flagellum,  according  to  I^ger,  is  continued  into  the  cytoplasm 
as  a  thin  thread,  which  stains  with  difficulty,  and  terminates  in  a 
double  granule  above  the  kinetonucleus;  this  double  granule  is 
no  doubt  the  "diplosome  "  of  Prowazek.     According  to  the  latter 
author  another  deeply  staining  double  thread  (s.t.),  that  appears 
to  be  spirally  coiled,  runs  backwards  from  the  kinetonucleus  and 
terminates  posteriori}-  in  a  distinct  granule,  shown  in  fig,  77  VIII 
Wenyon  (1913)  believes  that  a  cytopharynx  is  present,  using  as 
an  argument  the  presence  of  bipolar  bodies  which  he  believes  are 
bacteria  taken  up  by  the  Herpetomona.s. 

The  flagellates  congregate  in    the   proventriculiis   or   in  the 
posterior  region  of  the  intestine,  where   they  become  -.nited  by 


FLAGELLATE   PARASITE   //AS/'ATO.I/av.,, 


1.7     ■  P'-J.-flwllate  stage.        IV-VIII    PllJl  ?"'.'^°"°"'  »"<'  Prownzck. 

""eellate  stoge:  IX.  Deucnemtinn  „(  i  i.  "''8<'"'"''.  IX— XI  P<wi 
completed  by  tormat^r";  "e  a?inou?"S  ™'  ""■  •'»'"-'i«8ella  e  ftoRe 
gnuiular  bodies  (Prowazek)  ^  "phZS?"  T*"'"""  'i''»l'le  U*"?? 
•■'.  Spiral  chromopbilou,  (bread.'      <r.X;£„ZcTe'u"         *•  "^'""o™"^'-- 
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their  antorior  iii.ls  t..  fi.rin  rusettus.  Prowazfk  Ktnti's  that  in  the 
rosette  cmdition  the  living  portion  of  the  flaKellate  resides,  as  it 
were,  in  the  long  tail-like  pnwess. 

Patt<,n  .livides  the  life-cycle  of  H.  musoie-domextice  into 
three  stages-the  pre-Hagellate,  Hagellate,  and  post-flagelkte.  The 
last  two  are  common,  but  the  first  stage  is  not  common,  and 
Prowazek  appeal's  to  havi.  overlooked  it.  F.)r  convenience  I  have 
described  the  Hagellate  stage  tii-st,  and  the  process  of  division  in 
this  stage  IS  simple  K.ngitudinal  fusion.  The  nuclei  divide  inde- 
jx'ndently,  and  the  kinetoiiucleus  usually  precedes  the  tropho- 
imcleiis.  Th,.  latter  undergoes  a  primitive  tyjx'  of  mitosis,  in  which 
Prowazek  recognised  eight  chromosomes  (VII).  The  Hagelluni 
divides  longitudinally,  and  each  of  the  two  halves  of  the  kineto- 
iiucleus appropriates  ,,ne  of  the  halves  with  its  basal  granule. 

The  pre-Hagellate  stage,  which  Patton  (1900)  flescribes,  usually 
occurs  in  the  masses  which  lie  within  the  peritrophic  meiiilimne'. 
They  are  round  or  slightly  oval  bodies  (I),  their  average  breadth 
bemg  5'5  ^.  The  protoplasm  is  granular  ami  contains  a  tropho- 
micleus  and  kinetonucleus.  Division  takes  place  by  simple  longi- 
tudinal division  or  multiple  segmentation,  and  in  this  manner  a 
large  number  of  individuals  are  formed  (116  and  III).  These 
develop  into  the  Hagellate  stage:  a  vacuole,  the  flagellate  vacuole 
(III,y.t..)  appears  between  the  kinetonucleus  ami  the  rounded  end 
of  the  pre-Hagellate  form,  and  in  it  the  flagellum  appears  as  a 
single  colled  thread,  which  is  extended  when  the  vacuole  has 
approached  the  surface. 

The  flagellate  form  has  already  been  described,  and  in  the 
concluding  portion  of  tl  Hagellate  stage,  which,  according  to 
Prowazek,  is  found  in  starved  Hies,  these  forms  are  found  collecting 
in  the  rectal  region,  and  attaching  themselves  by  their  flagellar 
ends  m  rows  to  gut  epithelium.  The  more  external  ones  begin  to 
shorten,  during  which  process  the  Hagella  degenerate  (IX)  and  are 
shed.  Thus  a  pilisade  of  pivrasites  is  formed,  the  outer  ones  being 
rounded  and  devoid  of  flagella,  and  some  of  them  may  be  found 
dividing  (X).  L4ger  (1902)  ten.is  the.se  the  "formes  gregariennes  " 
and  maintains  that  the  existence  of  these  "gregarine"  forms  is  a 

membrane""'  ""'  '''"'°"  "'"^  "  *"  '°""''™=  ""y  *<^  «'™  "  peritrichea) 


•N-KECTIOX  „P   //,;«.,.T,..7„.v.,.v 


-■'"Plieati,,,,   ,:,ay  ,,00,     ';,,,"'■'■'""    "■"  *   «"''»  that"  „„o,,., 

t^i'"waz,.k  cl,.scril),.s  ,lii,„„.„h,v    ,' 

pl.c«t«lsox„al  stage.  Aoc,.„i;p  ,„''"''-'>■  '"■  ""-  e-n- 
■«  .sLghdy  large,,   than    the  ,.th"t     „d  "" '""-'i™- 

n-ole,  fuse,  a„,l  a  .estinj.,,,,,,,.  ,  ^'*  "  '  ""''V-'l  .^Nb.stano,.  an,l 
»ta«.'.s  have  „„t  b..e„  ,1,^^  H  f,  .,r"""''  '""  ""'  ™'-'P'""t 
'''ffi™.tiate.l   «„.„«  ,„,,v  fi,r    ,  the-  ■■^'""■""'"''^" --ally 

.thYun,lerg„a,u„«a„n.a;,.li,Ltt  '  ?■■  """  ,"'''  "^""'■^  -^^■''^ 
«-,.h.  any  „„,o,i„„  ,„■  ,^^  '^  ' ''^  t,.  hn,l,  ,„„,,  ,  ,„^,.,,, 

'■f«tion  ,n  M.  ,l,„nestic„,  but  ,••  '  ,.,  "■''   ■  """'  ''ny  larval 

«>  ';  l'-''f.lv  fresh  an,l  is  i„,t,.,„„„ t'  ,  '^  f ';«;""  ■•'■"..■  a.iult 
.      I"  Madras  Patt„n  fi,un,l  th «  loo  ,"  '  ""■ '^"•™- 

'"'«te.l  with  the  f)ag,.l|,,te.  p„  '""^  ^^'^  ^™'-  "f  the  Hies  were 
the  Hies  at  K„vi^,„.'  In  he  :  f:  '"'""'  "  '"  '  "^  «-t.  o 
L."gardan.i  Je„„„,g,„,,,,  ,,^,; '-'-". n   the  plains  (India) 

™t.  .,f  the  Hies  ex,n„i„ed     in        .        K  t;""";  '"  '^'^  'h-'  I  p.' 
""■  '"  ^-500  feet,  the  flagellate     ver       '"'""""^-as).  at  an  ele... 

hottest  seas„n  „f  the  ve.,r  .,7  '  """'  """"•■■""■'<  .lurin..  the 

Oet*ra„dX,,.,,i:r;;--;a;i..lee..sed 


er,.,|.     w, 


:iy„n 
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(/.c.)  toiinf!  tluit  the  majority  of  hinisc-Hics  iit  Aluppj,  .Svi'iii, 
contaiiKtl  H.  mtiacite-dumesticfie.  Although  films  of  the  cotitcnt.s 
of  the  ulimeiitniy  tmcts  of  ii  hirj;e  iittmber  of  houso-riies  were 
made  iind  examined  hy  me  at  Mttiichenter  (lilngbiiid)  I  was  unable 
to  find  with  any  certainty  these  fiageliates,  nor  was  Dunl^erly  (/.c. ) 
more  successful. 

One  of  the  chief  [joints  of  interest  in  connection  with  this 
fiageUatc  is  its  siniihirity  to  the  £^rasile  '»f  Kahi-azar.  This  re- 
semblance prompted  Rogers  (1905)  to  suggest  that  the  hitter 
parasite  was  a  Heipetomoiuis  which  Patton  has  since  not  only 
conoUisively  proveil  to  be  the  case  but  has  also  shown  that  the 
bed-bug  can  act  as  its  carrier. 


Critiiidia  ul'svae-uomestw.xe  Werner. 

Werner  (1906)  described  this  iwrasite  from  the  alimentary 
tract  of  M.  domestica,  where  he  .stated  that  it  occun'ed  in  t'H' 
alimentary  tracts  of  four  out  of  eighty-two  flies  examined. 

It  meivsures  10-13  /i  in  length,  the  length  of  the  body  being 
5-7  iM  and  the  flagellum  2-6  fi.  As  in  other  members  of  the  genus 
Critkidiii,  which  is  closely  allied  to  Herftetomonas,  the  breadth  of 
the  b'Hjy  is  great  conipared  with  the  length,  and  the  kinetonucleus 
and  jophonucleus  are  rather  close  together.  A  short,  staining, 
rod-like  body  lies  between  the  kinetonucleus  and  the  base  of  the 
flagellum.  The  flagellum  is  single.  Dividing  forms  undergoing 
longitudinal  division  were  frequently  found.  The  kinetonucleus 
appears  to  divide  fii-st,  followed  in  succession  by  the  flagellum  and 
the  trophonucleus.  Forms  undergoing  division  and  showing  a 
single  trophonucleus  and  double  kinetonucleus  and  flagellum  were 
also  found.  Cases  occurred  in  which  the  fi.ssion  began  at  the  non- 
flagellate  end  of  the  body.  No  conjugating  forms  were  found,  nor 
any  wandering  into  the  ovaries. 

Lingard  and  Jennings  (i.e.)  describe  certain  flagellates  of  a 
flag-shaped  or  inomboidal  nature,  which  I  am  strongly  of  the 
opiniim  are  sjjecies  of  Crithidia  antl  not  species  of  Herpetoiiionas. 
Closely  following  Prowazek's  account  of  H.  muscae-domesticae  they 
describe  and  figure  all  their  forms  as  having  two  flagellae  in  the 
flagellate  stage.     If  one  allows  for  the  rupture  of  the  flagellum 


'K/Tlltlll.t    .\trs(:\K-ht>MKSTlr.\K  ,;,, 

Rn«..ilmscl,  ( 1910)  ,lc.»c>il„.s  this  s,K.cii..s  ,.f  fV,-M,V//„        i    ■ 

^7  ■ 7'--  'ri...  HuK^iiatos .....  L,,; :'.'  ijt:  n.:;ir 

th.^  w..  attach.,  ,„  th..  a„t.n,.,.  ..,.„.  'S^.;^ ^  , ;;,;;;; 

tn  I  Ml  th,-  l„Kly  g,a.lnally  ta,«.rinK  "«'  t"  :i  bhuit  .•xt.v.ni.v      Th 
Pointed  anterior  ..,„!  tenninat.s  in  th.  frc-  Ha.     ,  .f  R  ^'  >       ,'" 
ffivfs  fhi.  CI?.,..,;,,  ,         .u      .■  "^  '"^'   naj;iiMliii.     Kii»..tibiisc  i 

S:rr::;;,:i£-'~  •■"■•--"•' -s'- 

stage.s  ,  f  Herpetomonus  „u.scae-,lomesticue.     In  living  .sp..ci„,e,H 
PaUon  has,een  th..  Hagc.natc.s,.f  the  h„„.e-Hy  eolleeting  in    1 
m  the.  rcctun,  of  the  mse-ct  where  the  typical  !..„„  f„n„ssh,r  e. 
d.vK  e  and  eventually  ,.„u,      ,.p,  and  thel  a„th.'.  rFg  tly  ^L 
out  that  Werner's  contenti    .     hat  the  difference  in  .,il  beCn 
h.s  p.ra..te.s  (CntkuUa)  an.l  the  dagellatcs  „f  H.  ,nuscue-,o^,2Te 
s  an  arguu,ent  ,n  laveur  ,.f  their  be-ing  unconnected  fbnns"      " 
hold  good  n,  v.ew  of  the  „,arke.l  dissi.uilarity  in  forn    Ibu    , 
the  different  stages  of  the  lite-histnrv  ,.f    w  , 

Dunkerly  ,U.)  hi  descr.be.i     sd^tict  ?;X"";°r ''"''■ 

«.«e,.-.„,„......  to  which  I  ^j:z'JX:^tz:': 

non-spe.c,ahst  of  the  Hagellates  is  in  doubt  as  t,    its  re  It  m  h  n 
Further   investigation   will   al.me  cle-.r  nn  tK  '^''''"'onship. 

d  Jt..  ,,ints^l  the  .„eanti,„:  ^Zr^tTthrCr 
under  the  names  and  in  the  manner  in   which   they  havf  b^ 
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Leptomonoa  muacoe-domesti'iie.  In  a  |>ii|H'r  nn  noihc  xtajji'M  in 
the  lifi'-hiHtntv  <'f'  what  he  cnnKidn-x  to  Im-  a  distinct  Ha^'fllalr, 
Dnnkcrly  it.c.)  attempts  tn  shnw  that  Critfiidui  is  nut  a  valid 
grntis  and  cannot  be  applied  as  a  gcm-rie  name  tn  any  ti>rm,  as  it 
has  simply  l>e**n  the  name  ^iven  to  two  stairs  of  a  Leptomouna. 
He  describes  a  Leptumonud  which  actively  divides  in  the  intesthle 
nr  in  the  malpi^'hian  tuhides  of  the  Hy  and  also  very  active  slentler 
forms  which  often  show  an  undulating  membrane,  Encystment 
while  attached  tn  the  rectal  wall  in  large  muiibers  probably  takes 
place  and  thi*  cysts  may  bi'  pjissed  out  with  the  faeces  and  thus 
infect  fresh  tlies.  Porter  ilOll)  calls  attention  to  the  taulty 
i-eastining  containecl  in  Dnnkerly's  piper,  as  she  considers  it,  and 
the  lack  of  evidence.  Wenyon  {I.e.)  believes  that  the  Leptomiimts 
of  Konband  and  others  is  niei-ely  a  not  actively  dividing  Herjicto- 
itwnds  niiisate-<luiiiesticae  and  th't  Iwith  may  piss  through  u 
ti-ansititm  int-i  flagellates  of  a  tryj^.mosome  type. 

Patton  (1909)  refers  in  a  critical  piper  to  the  diacovt-ry  which 
he  mat  ■  of  another  flagellate  in  the  matpighian  tubules  of 
M.  (hmestica  but  I  am  unaware  of  any  further  reference  to  it. 


CHAPTER   XIV 


THE  PAKASITIC  NEMATODE:    IIMIIIOXKMA 


MI'siAH  cAinEII 


.K;casion.vllyf„„mla,„„nKth..H„ft  tissue.  ,f. I,     '"",*';•   ''""'B'' 
h'.'  gave  the  n,„„e  Filuna  mmme,  is  as  foll.ms  ■  ••  T  „. 

jH^ji,  ^„t^  ..iate.  t.„sve„e,y;«„.a„i;':;;:i„ii  ™:,2; 

h     head,  wh,ch  .s  ,.btuse  an,|  f„,.nishe,l  with  four  mpniae  at 
httle  d^tance  fro.n  the  tnouth,  two  above  and  two  U-lo^  d  ,  in   h 

centre  of  the  ante-nor  ext-enuty.     Anal  orifice,  at  the  r,«t  of  the 

ml        He  gives  the  length  as  being  one-eleventh  of  an  inch  a,^ 

the  breadth  as  one  three  h„n<lred  an,l  thirteenth  ,>f  an  inc       In  hN 

descr.pt.on  of  h.s  figures  of  the  won.,  he  calls  wha    is  evidently 

he  antenor  reg.on  of  the    intestine  the   -liver."     L  idy    IsS 

.n.„d  tro.n  one  to  three  specin.ens  of /•.  „.«.„„  ;,.  ^Z^tl 

n  hve.     He  stated  that  this  parasitic  worn.  w,«  one-t:  h      ■  1 

nch  long  and  occurred  in  the  proboscis     Ercolani  (1874)  desc    C" 

he  chscjnerv-..^. ne,„at,»le  in  the  proboscides  of  Hil    \'i  ^s  tw 

iron,  the  head  ot  Stvmoxys  mlcitmns;  this  larva  measure,!  1-fi  . 

larva  of  Habronema  microstoma.     Harrin^jton  (1883)  retL  to  a 
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I«p.T  had  l.y  Taylor  M„rv  thr  M.-iitnal  in,.,.tinK  "f  tho  A.i»ricaii 
ABBiK^intiiin  liir  th..  AMvanci.im.iit  of  Sciiiic-..  on  "Th..  Hoiiw-flv  nn 
a  CarriiT  of  CoiiUijjiori."     This  oUtv.!-.  whin  .li>.«..ttiMj;  a  holiw- 
Hv,  notir,..!  a  n.inut.'  thnad-worni    .nicrKinK  fronj  th-  niptuml 
lirotK.Hci8  nicHsiirinK  .•iKht-hun<ln.lth»  of  an  inch  in  lonKth.     Inci- 
clt-ntjilly,  tho  Kami'  invrstigator  roijoitfd  tho  iv«iilt«  of  tocdinj;  Hifs 
on  thi'  8i).,r.'s  of  the  r...!  nist«  of  jrn,s«<.»  {Trivholom,,)  ami  tiainil 
thcw  m^fsud.     Oinomli  ami)  disfribus  a  n.ii,at,«l,.  from  tho 
common   fly,   which    hr    calls    Vemalo,h„ii    h,,...      It    is    hixhly 
probabl..,  m.  my  friend  Dr  A.  E.  Shiploy  sii    ,-..,1,^1  to  nu-,  that 
Ocnfrali's  ncmat.Hl..  and  th.'  F.  mwmie  of  Carter  arc   identical 
Diesing  (18B1)  ereatwl    th,-   gemis    Hal.ronema   for  the  F,hria 
mmcae  of  Carter,  ami  his  d.scription  is  practically  a  translation  of 
Carter's  original  description.     Plana  (1896)  describes  a  nematiKie 
(nan  the  proboscis  of  M.  domeMct,  which,  in  th..  (wcnrrence  of  the 
male  and  female  genitid  organs  in  the  sanu'  iialividual,  he  says 
re»en.bles  Carter's  nemafsle.     H..  finds  that  at  certain  seasons  of 
the  year  and  m  certain  localities  it  is  verv  i  ire,  while  at  othep,  it 
n.ay  .K;c»r  in  20-30  iK.r  cent,  of  the  flies.    Th..  larva,  after  fixation, 
n,e.u.ur...l  2-68 -.nm.  in  length  an.l  0.08  mm.  in  breadth.     It  was 
cylmdrical  ami  gently  tapering  off  at  the   extri'mities,  with   the 
ni.rtith  terminal. 

In  many  hiindri'ds  ,>f  flies  which  I  dissected  wh.'n  making  the 
morph..logical  stiiilies  which  have  been  described  in  the  earlier 
chapters  of  this  b<R,k,  ..nly  two  .specimens  of  this  nemabsle  were 
found,  but  as  I  did  not  seek  it  specially  it  is  v.'ry  pos.sible  that 
sp..cimensmay  have  been  unm.tice.1.  The  specimens  which  I  f.mn.l 
measured  2  nmi.  in  length  an.l  ag..eed  entirely  with  the  descriptions 
"t  Habmnenm  musaw  (fig.  78).  Both  specimens  were  found  in 
th..  heiul  between  the  optic  ganglia  ami  th..  cephalic  air  sacs. 

Recently,  a  very  complete  and  unusually  interesting  stu.ly  of 
Hiihnnema  musciie  (Carter)  has  been  made  by  Rans..m  (I'sil, 
1913).  This  author  has  cleared  up  the  mystery  which  hitherti> 
surrounded  the  pan-nbige  of  this  nemat.xle  and  has  discovered 
that  the  iwlult  is  a  parasite  of  the  h..rse,  the  house-fly  acting  as  a 
earner  of  the  larva!  fi.rm.  The  following  account  is  taken  from 
Ransom's  descripti.jn  of  the  occurrence,  stnicture  and  life-history 
of  fx.  muaaie. 
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"'■■^^H :;;l:^;^.!^::":,:'"■•^■""" ■•■• «■ 

k'I't  2-,  h.Ml  l,„t  ,„„.  [vimsit,..  (i  hail 
2  l"..a»i„.s,  »  |„„|  a  ,,„,„i,,,,  .,  h,„, 
^  I»'mMt,.s.  2  ha,l  5  |«.,,.»ih.s,  ,„„| 
I   hail  H  iiamsitfM, 

^'^■■'■'•"■■-l«M»k,.|,t„lth..|,«;ati..n 
":  ""■  l>"rii»itcs  in  the  easi.  „C  ;)7 
«"■»•  In  I7cas..s  thr  hia.l  was  in- 
'""■■'•  "'  «  '■»«-  'h-  'h„rax,  an.|  i,, 
I9eas,.s,h,.  al«l,„„.,,.     I„  12  ea»..H 

theh,-a.|,a,lywasinti.,t,..l,in4ca.s,.s 
the  thorax  la.lj-,  a.i.l  in  |5  caHcs  th.. 
ab,l,am.n  ,.nly.     In  „n,.  <...«■  C  hin,,,, 
:       "■'■'•'■f"i""lin  th..  I„.a,|;  ,h,.  la™.st 
^      min.l.er  fl,„n.l  i„  th.  ab.i„n„.n  wa« 
I      •'   ""   ""'■   «"«■»•     EncysffI   larva,. 
»eri.    f„und    ir    the   ahKl„„,en   in  6 
Hies,  .n  5  „f  which  n,.  w„r.n.s  wen. 
pre«.nt  in  either  the  hea.l  or  thorax 
AM  t,(   the  Hies  in   which  encysted 
l«".ae    were     fi,„„,|     h,„|     ^^,^ 
emerged. 

One  hnndred  and  thirty-seven 
pupae  wer..  examined  and  a  recor.1 
kept  an.l  larvae  of  Habrouem,,  we.v 

^mnd  in  23,  that  is  in  17  pc.r  cent. 

itie  author  points  out  that  .some  of 
the  young,.r  stages  of  the  parasit.., 
may  have  escaped  detection.  En- 
cysted worms  were  found  in  11  „„t 
"f  23  pupae.     The  hjcation  of  the  --£=^ 

Inrvae  m  the  pupae  was  a.s  follows-     ^'''■l\''''''"'^''«"'•"'''''''^'^"'^')■ 

■'■     .en  infested  nine   times,  head'  O^i'r.^.'jP.^e"*'-    "•"■ 

"'  ■ '  """■'>''  "n<=e.     Only  one  nenia-     *  '"Sm"'"  °' "'"'"""«« '""«« 
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tij<li'  wiiH  IWiinil  ill  170  \m\iw  nf  M.  domtntim :  tlii»  H|)..cMitM.ii  w,i» 
I'ncyNtiil, 

Thi'  luliills  lit'  Hiihrimemii  miuiciie  wiii'  I'nniiil  in  tlir  >;niiiiirh 
of  the  hciw  t..>{ithir  with  thi'  hwl  laiviil  Htn^i-,  which  is  i\\v  lust 
Ktii^'f  in  thf  Hy  anil  thr  timt  in  thr  hoiiw-.     Thr  ailiilt   iiuilr  .,f 

^.  mimriie  laii.ji  in  lin){th  fiDiii  M  to   14  i .,  anil  IVmii  250  u, 

300^  in  niaximiiiii  wiilth.     Thr  t'i'iiiali'  \ariis  in  lin({th  tr 1:) 

to  22iniii.,  anil  in  wiilth  in  thr  ii^i f  tlu'  vulva  tr im  tn 

400 >i.     Thr  eilticli'  is  tiiiiitly  mai-knl  with  transviw  stiijitii.iH. 

Thi'  hi'iiil  i«  arnii'il  with  t«,i  latiial  ami  timr  sul ilian  |)a|)illar. 

The  tail  nf  the  iiiaii'  curves  viqitraliy.  The  spiculis  aii'  v.ry  ilis- 
siiiiilar;  the  left  spiciile  is  Imi^^  ami  slender  iiieasniiiiK  alwait  2  5  iiiiii. 
in  length,  the  iij{ht  spicule  is  shurter  and  thicker  nieasurinj;  al»Mit 
50()/i  in  length.  In  the  f.niale  the  vulva  is  sitiiateil  about  one- 
thinl  of  the  length  .f  the  Iwnly  frointhe  anterior  end. 

The  eggs  in  the  uterus  of  ....  miiacae  measure  about  40-50^ 
long  by  10-12 /i  wide.  The  embryos  pas-s  out  of  the  IjikIv  of  the 
ho'se  in  the  faeces.  It  has  not  been  <letennined  whether  they 
undergo  further  development  before  entering  the  larvae  lif 
M.  dumetticn  or  whether  their  entrj-  is  forcible  or  with  the  fissl ; 
the  latter  methcxl  of  entry  si'ems  the  mure  probable.  The  earliest 
definitely  known  larval  stage  of  H.  muKue  found  in  the  Hy  in- 
curred in  a  pupa  from  a  culture  of  horse  faeces.  This  specimen 
measured  450^  in  length.  Second  stage  larvae  were  found 
enclosecl  in  a  cyst.  The  sixth  larval  stage,  which  is  the  final 
larval  stage,  was  found  in  both  flies  and  horses ;  the  length  varies 
from  2-6  to  32 mm.,  and  the  width  at  the  widest  part  from  5.'>  to 
70/i.  The  larval  stage  is  reached  al)i)ut  the  time  the  fies  emerge 
from  the  pupal  state.  The  infection  of  the  horse  probably  takes 
place  by  the  swallowing  of  infected  Hies  or  of  larvae  which  have 
escaped  from  Hie.s.  As  the  proboscis  of  the  Hy  is  a  common 
'ocation  of  the  lanal  neraatixies  the  escape  of  the  larval  nematodes 
on  to  the  moist  surface  of  the  horse's  lips  is  not  unlikely. 

Ransom  points  out  that  the  presence  of  larval  nematixles  in 
Hies  is  of  interest  to  entomologists  and  sanitarians  alike,  as  it  n>ay 
serve  as  a  means  of  detennining  with  some  degree  of  accuracy 
what  proportion  of  Hies  in  a  given  locality  find  their  bree<ling 
place  in  horse  manure. 


r.l.V.l;»llXATI».V   ot-   XKMATl,|,K.s  ,^,, 

Th.  ,«.,.rr..ncv  „C  ,.„,.,i,ie  „..,„a,„|,.,  j„  ,h,.  ,„.,„|  „,  ,|     h 
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CHAPTER  XV 

THE  LESSER  HOUSE-FLY  rAX'^r/.^    CANWUHHIS  L' 
AXD  THE   LATRINE  FLY,  F.   SCALAmSFAK 

The  two  six.cios  of  Hies  Fannia  ca.icularis  L.  an.l  F.  .calaris 
Fab  ,,re,  on  account  „f  their  hab.ts,  of  considerable  economic  im- 

gencml  app..arance,  on  which  account  F  canicularis  i«  very  frc- 
q  ent  y  nu.taken  by  the  uninitiated  for  M.  do,„estica  which  are 

e'tflv  bvTh™  r  "''""''"■  '"'""■''"^-     ^''^y  '''■  characterized 

cl!       ■    f    ,      '"  W"^""'-'-""  »*■  tt"^^  ^'yoB  of  the  nmle,  the 

omparafvey    arge  squamae  or  lobes  on  the  posteri,.  sid  s  of 

decaying  vegetable  or  animal  substances 

■vre  2lt"to  f ''^"'""'"™«™'  'he  two  species  nnder  examination 

Mtion  w  n  ""         "  '^"'"  "''■'  '""'^  "P^""^'  •">'  •'-•■'^h  ™  exami- 

nation wil  serve  to  sejwrate  them.  The  abdomens  of  both  species 
are  conical,  but  the  basal  segments  of  the  abdomen  of  F.ZIZ 
lansar.  pirtially  translucent,  and  the  abdomen  of  F  scalaris  I 
black  over^pre^i  with  bluish  grey;  each  of  the  mid  tibiae  oT  he 
Utter  species  bear,  a  .listinct  tubercle  which  is  not  found  in 
t.  camcularu  (fig.  81). 

Bouche'V  genu     //  1",  „T,,   ;!"wv  t        ""■  '"  '"""'''"■'••-•  »"'  l>«ve  to  replace 

p-„™,^e.«„„:e:tr:Lr,r:':rre=  s.^^-^  --^  -- 
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The  Lesser  House-fly.  Famiia  Ciwicdaris  L. 
This  siK.cios  (fijj.  79)  is  the  less  co,„,„o„  „f  th..  ,w„  siK.cies 
«i  mes  fimnrl  m  houses.  Its  ,«currence  .-vn.l  frequency  are  h.nv- 
ever,  verj-  variable,  an,l  no  vali.l  e.xplanation  has  been  fi.un.l  so  far 
m  my  investigations  to  account  for  this  variability.  F.  ca„icul„ris 
.s  more  abundant  than  M.  ,lomestira  for  a  short  time  .luring  the 
early  ,«rt  of  the  summer,  usually  in  May  and  June.  With  the 
beginning  of  the  hot  weather  the  numbei^  of  the  latter  increase 
enormously  and  i-eplace  the  Lesser  Ho„.,e-Hy.  I„  „,,ny  cases  which 
w^re  observed  the  latter  seeme.l  to  retreat  in  small  numbe,.  to 
the  rooms  of   the  house  not  devoted  to  cooking,  and   thev  may 


N^^^ 


Fm,  81.    Me,li»-  joi„„  of  middle  pair  of  leg.  (right);   posterior  aspect. 

be  frequently  found  flying  in  a  chamcteristic,  jerkv  an.l  hovering 
manner  around  chandeliers,  etc.,  in  the  living  and  bed  room.s 
In  country  houses,  however,  they  frequently  occur  in  numbers 
in  the  kitchens,  as  an  examination  of  fly-traps  an.l  papers  in 
such  places  indicates.  An  observation  reco^le.]  by  Austen  (1911) 
Illustrates  the  eariier  occurrence  of  F.  canicularis  as  comp.red 
^^■^th  M.  domeshca.  Out  of  a  collection  of  more  than  430  flies 
caught  ,n  a  kitchen  in  Leeds,  from  May  19th  to  July  18th 
only  48  specimens  of  M.  don^stica  .«curred,  all  the  res't  being 
F,  camcular^,  which  outnumbered  the  former  in  the  ratio  .ff 
o  or  9o  to  1. 
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The  nmuii-iciil  al)iinil.ince  of  F.  cuiiiciiliirk  in  c-nmiJiirisoii  with 
thu  iiliuniliiiifi'  "f  M.  flomextlcd  varios  cnnsidfi:il)ly.  In  a  collec- 
tion of  4000  Hies  which  I  nmde  in  ditlerent  Hitiiations,  such  as 
kitchens,  restaurants,  l)e(l-rooms,  etc.,  in  1907,  this  species  formed 
11-.5  percent,  of  the  total  number.  In  1!I00  Howaiil  fiamil  that 
in  collections  made  in  different  cities  of  the  Ignited  States  only 
about  1  (K>r  cent,  of  a  collection  of  over  2:1,000  Hies  made  in 
rooms  where  tbod  was  exposed  were  F.  cniiiciiluris,  and  over 
98  per  cent,  were  M.  dumestica.  Hamer  in  1908,  in  collections 
made  in  kitchens  and  "living  rooms"  of  houses  near  depots  tor 
horse-manure  in  London,  found  that  the  percentage  of  F.  ciimcu- 
luris  varied  from  17  per  cer-*  to  2-t  per  cent.  Niven  gives  the 
results  of  collections  made  at  .--ix  ditt'erent  stations  in  Manchester. 
The  total  number  of  Hies  caught  was  8553,  of  which  819(i  were 
M.  domesiica,  293  F.  caiiiculuris,  and  04  were  other  species. 
Thus  F.  canicvlaris  constituted  :l-4  (jer  cent,  of  the  total  of  the 
Hy  population.  Robertwin  (1909)  gives  the  results  of  similar 
collections  made  in  Birmingham  where  of  24,572  Hies  caught, 
91  per  cent,  were  M.  domestkii  and  47  per  •  ent.  were  F.  ccmicu- 
luris.  From  observations  which  I  have  made  in  many  lcx:alities 
in  different  neighbourhoods,  I  do  not  think  that  this  species 
would  often  form  more  than  25  per  cent,  of  the  total  Hy  popu- 
lation. After  M.  domestica,  however,  it  is  the  next  ii^  :.'f 
importance  inhabiting  houses,  and  well  deserves  the  title  of  the 
Lesser  House-Hy.  It  is  known  in  Germany  as  "die  kleine 
StubenHiege." 

The  male  of  F.  caiiicuhiyis  differs  from  the  fi'niale  ni  some 
respects.  In  the  male  the  eyes  are  close  together,  and  the 
frontal  region  is  consecpiently  very  narrow;  the  sides  of  this, 
which  are  the  inner  orbital  regions,  are  silvery  white,  separated 
by  a  narrow  black  frontal  stripe.  In  the  female  the  spivce 
between  the  inner  margins  of  the  eyes  is  about  one-third  of 
the  width  of  the  head;  the  frons  is  brownish  black,  and  the 
inner  orbital  regions  are  dark  ashy  grey.  The  bristle  of  the 
antenna  of  F.  caiiicularis  is  bare;  in  M.  dumestka,  it  will  be 
remembered,  the  bristle  beara  a  row  ol  setae  on  its  upper  and 
lower  sides.  The  dorsivl  side  of  the  thorax  of  the  male  is 
blackish    grey   with    three   rather   indistinct   hmgitudinal    black 
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lin.'s.  In  th..  f,.,„ale  it  is  „f  a  light.T  ^rev,  a,,.,  tho  thnv 
longmidmal  stnpf.s  aiv  c.in»ui(iirntly  ii,„rf  distinct.  The  ab<l,.- 
niun  (,f  the  maU'  /'.  mniaduru  is  nan„w  and  ta|«rinf{  cmipand 
with  that  ot  il.  dmimtica.  It  is  bn.nzt-black  in  colour,  and  each 
"f  the  three  alxluininal  segments  has  a  lateral  translucent  area,  so 
that  when  it  is  seen  against  the  light,  as  on  a  window-iH„e,  three 
and  soiiietimes  four  pairs  of  yellow  translucent  areas  can  be  seen 
by  the  tran.s.r.itted  light.  In  the  fei.iale  the  abdomen  is  short 
in  proportion  to  its  length  and  is  pyritorm  in  shape,  givenish  or 
brownish-givy  in  colour  with  a  golden  attachment.  The  average 
length  of  the  .species  is  .5-7  mm, 


il 


Fkj.  Hi. 


b 


Antennae,  („)  ot  V.  mmtnlarit.  {!,)  of  .1/.  ,l„„„.tim. 


Great  di,Kpanty  in  the  proportion  ..f  male's  to  females  is  found 
in  this  species  as  it  occurs  in  h.aises.  Hanier  showed,  in  1!)0!» 
that  the  males  constitute  ft-m  75  to  Ho  p«T  cent,  of  the  totiil 
Hies  of  this  species  caught  in  balloon  Hv-traps  and  on  fly-ptpers 
This,  however,  does  not  indicate  a  disparity  in  the  proportion 
ot    males  to  females   in   the  species,  as   I   have  foun,l    that    the 

females  are  more  commonly  found  out-of-d s,  especially  in  the 

neighbcairhowl  of  the  breeding-places. 

The  breeding  habits  of  this  species  are  somewhat  similar  tr, 
those  of  the  ho„se-Hy,  .V.  domeMra.  The  larvae  breed  in 
decaying  and  ferm.nting  vegetable  and  animal  matter,  and  .also 
Ml  e.xcrementcMis  matter.  In  18W  Heeger  recoriled  it  as  living 
ni   the  caterpillai-s  of  Episdiniu  mnell,:':   Roth   tou.id  them   in 

1  Larvae  ot  F  m,,ic„hri,  were  found  feedinK  on  the  My  of  „  ,Ie„,l  caterpilkr 
{.'iilliiui  sp.l  111  a  hreecllni;  cage  in  my  laboratort  on  September  .itli,  1913. 
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the  nest  of  thi'  hmiible  buf,  Hombim  terrenti-is,  iind  SchiiiiT 
obsi'i'vui  them  in  the  buttoni  nf  n  bci.x  in  which  ii  donnouw 
had  been  ki'pt.  Ta»chi-nbiTg  iilso  luuiirds  thi'  larviif  as  beinj; 
fiinnd  ill  .snails,  in  nld  checsi'  and  in  pigi'im-nusts ;  hf  rcariKl  thf 
rtie.s  liuni  sngar-bfut,  and  Brischkc  timnd  thi'  larvae  in  the  stalks 
111  rape.  I  have  t'(innd  them  coniniunly  in  human  excrement  and 
in  a  variety  cif  decaying  vegetable  substances,  even  in  rotting 
grass  (c/.  Stomoxys).  In  England  they  may  be  fnund  in  the 
larval  stages  from  May  fii  Octiiber.  Howard  has  reared  them 
from  hmnan  excrement  during  the  same  period  in  the  United 
States,  and  in  Canada  I  have  observed  the  same  jjeriixl  for  the 
occurrence  of  the  larval  stages.  Liirvae  of  F.  cdiiicultiria  were 
found  by  Carter  and  Blacklock  (1913)  in  a  case  of  external 
inyasis  in  a  monkey  (Cercopithecus  cidtitnchus).  They  were 
removed,  together  with  the  larvae  of  Muscimi  stabulans  and 
CaUiphura  eri/throcephala,  from  the  nasal  and  fiiciftl  region  and 
the  right  side  of  the  body  near  the  groin,  but  it  is  probable,  as 
these  authors  point  out,  that  they  may  have  been  derived  from 
an  external  source.     The  eggs  are  white  and  cylindrically  oval. 

The  larvae  of  F.  canicularis  (fig.  83)  is  wholly  different  from 
that  of  M.  domestica,  its  body  being  provided  with  a  number  of 
appendages  or  spiniferous  processes.  These  are  .arranged  in  three 
pairs  of  longitudinal  series,  and  there  are  in  addition  two  paii-s 
of  series  of  smaller  processes. 

The  body  is  compressed  dorso-ventrally,  and  the  surface  is 
roughened  in  character  and  in  places  spiniferous.  It  consists  of 
twelve  segments,  of  which  the  first,  or  pseudocephalic  segment, 
is  often  withdrawn  into  the  second  or  prothoracic  segment,  as 
shown  in  the  figure.  The  posterior  end  of  the  body  is  very 
obliquely  truncate.  The  full-grown  larva  measures  .5  to  (i  mm. 
in  length.  The  three  series  of  pairs  of  spiniferous  flagelliform 
processes,  or  appendages,  are  arranged  as  follows ;  A  dorsal  series 
consisting  of  ten  pairs  of  processes,  commencing  with  an  antenna- 
like pair  of  processes  at  the  anterior  border  of  the  prothoracic 
segment  (segment  II)  and  slightly  increasing  in  size  posteriorly. 
A  lateio-dorsal  series  of  ten  pairs  of  processes  which  commence 
on  segment  III  and  is  continued  to  the  posterior  end  of  the 
body.     A  latero-ventral  series  which  commences  on  segment  III 
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"^1  is  <.mun„0,l  po,t.,.i,,..|y.  Those  H,.«ellif;,n„  ,.n..s«.H  ,.,,. 
«p.n.t.„.„s,  ,h,.  sp,„..»  l,,.,nK  well  ,l..vc.|„,x.,l  at  thv  bases  „f  the 
processes  a„,l  ..a-lually  ,|,.e,,.asi„«  i„  sii  distally.     Th     t     ■!    h 

:::;::rr:i:,:f;;!:-^''-''-'-v''-^ 

teni.r  j)air  is  the  loiijrest  ori  the 

body,  ami  the  intermediate  [Wil- 
is shdrtei. 

There  is  a  series  i>f  piirs  nf 
small,  almost  sessile  branched 
appendages   (fig.    H5)  situated 
near  and  slightly  pKterior  t., 
the  bases  of  the  latero-ilursd 
appendages.     These    were  de- 
scribed by  Kieffer.      Each  of 
the.se    processes    has    three  t(j 
four  branches,  and  they  caiTy 
a  small  nucleiforni  organ  which 
Chevril    (1!)00)    has    also    .|e- 
scrib«l.     He  believes  that  this 
organ  is  of  the  nature  of  an 
exuvial    gli,nd    and  correspon- 
dent to  Verson's  gland. 

On  the  ventral  surface  of 
the  body,  and  extending  p,,s- 
teriorly  from  segment  III,  there 
IS  to  be  (bund  a  series  of  jwii-s 
of  small  .spiniferous  papillae. 
Between  these  there  is  on  each 
segment  a  transverse  row  i,f 
four  groups  of  .spines. 

"..'Srrrigiirtr  t=t  rr  *"«•  "^ '■ 

«>nr.|obed  <^h'^^:^<^l!r^>^.J^'i^^£::^:^rr'''"  "™'"^  ""■"■ 
^.t  the  e..tren,ity  of  each  lobe  "  ^"S"''>t.c  onfice  :ss,t„at,.d 


'i-'p.  Anterior  spimcular  proces.wa. 
P-'li.  Posterior  spiracukr  processes. 
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Thf  spiny  chiu-iictcr  of  thr  fliijjcllitnini  apixndnni's  and  IwkIv 
(if  tho  larva  caums  imrticlrs  nf  ilirt  tc.  ailhirr  iiailily  tu  thi> 
IxkHi's  and  appcmlajjis  cif  thi'  larvae-.  In  cnn»(i|Ui'nc''  thi"  larvae 
have  a  wry  dirty  apix-araiiCf,  and  thi'ir  cxtinial  fiatnivs  an- 
alnuist  hiildcii  by  the  accmiiulati'd  j»irticli'»  uf  dirt  and  filth 
adhi'nnj;  t"  thuni. 

Thf  larval  [Miind  may  I'Xtcnd  "Vi-r  a  wi'rk,  or  it  may  last  fur 
thrci'  cir  four  weeks  if  the  substanci's  in  which  thi'  larvae  are  teeiling 
becuuu'  rather  dry.  When  fully  j,'riiwn  it  is  cnvered  tiiirly  thickly 
with  dirt,  which  is  i  if  j;reat  assistance  in  the  tiirmatiun  iif  the  pu|)al 
case,  as  this  is  funned  .if  the  larval  skin. 


Fi.i.  «4. 

Fm.  S4.     Fiiiiiiiii  ctniiciiliirif. 

Hpiracultir  process 
Fici.  8.5, 
Fid.  h6.     F.  caniciildriii.     Possterior  spiracnliir  procei 


Lateral  aspect  of  cephalic  re«ion  of  lami;  ii.ki>.  anterior 

K  ciiiiiciiliinii.    Palmate  and  sessile  dorsal  appcnilaKc  of  larva. 

i  of  larva. 


In  changing  into  the  pupa,  the  cephalic  reginii  is  retracted 
and  the  length  (if  the  larva  is  thereby  decreased.  The  larval 
skin,  with  its  cuvering  ef  dirt  particles,  fdriiis  the  co-arctate 
pupal  ca.se.  Befure  pujKiting,  the  hu'va  leaves  the  very  uiei.st 
substance  in  which  it  may  have  been  living  and  seeks  a  dryer 
situatidn.  The  pvipal  peridd  extends  (iver  a  periud  of  seven  to 
twenty-one  days,  or  longer,  and  it  is  not  unlikely  that  larvae, 
which  have  doveloiX'd  very  late  in  the  sea.son,  pass  the  winter 
in  the  pupiil  state,  as  is  the  case  in  certain  other  species  of 
Anthoinyid  flies.  The  adult  fly  emerges  by  pushing  off  the 
anterior  segments  of  the  pupal  case. 


LATRINE   FI.V 

T„K  Urmst  F,.v.     />„„„,„  ,,,„,„„,,  j,..,, 


io:( 


h'-t-it" y   1..  eall,..l  th,.   U,       .Hv  T  '"""'  """""""  '"■'■'■'''"« 

»nn,l„ri,y,  i,  i.s  „,„.„  e„„f„,„,  ^^Tl          \7  '"^-^  «'"'-' 
mH,c«/«™,  1„„  ,h,.  <.hi,.C,liff,.r,  n  '  " ">■■  ''"'""■" 

c..nti,„„,l  „.,  ,  ,     ,    i     •;7""«'"  ""  •>•■  h-™'  i^  Mack  a,„|  i, 

-i'i-bya.,ilv..,.vw  •        rh  .     Th       ':■      "'*■'  '■""''■■■'■''  ""  '->' 
Th-  th„rax  a„,i  sout,  11„  ,  1,  J\        T"  "'"'  '"''''~  "^"  '''«'''• 

-lark  .ran«v.,./.a„;,    . '':;.'■".'''■'■  ;'''t'''  ''"i"'   >•'•'"   «'".h 

Th..  ,„i,|,||,.  ,ii,i„  i,  .J  '  ,  ""  ">"  !»■  -.•.■..  f.„„,  fi,,   SI. 

■'«>■;  th..  distal  ..„.|.  '  '  •'"  "''""■"■  ""^  ^'  'li»'i'K.t  t„l,,.,.c.|,. 

'-.ti,,„«it„,,ij,,,;:;  -;:;;;;-■  -ii»H„e„v  ^t,  with  a 

-n  the.  ab.i,„„..n  a,-..  aL  Llis.i, ..,      Th  '  ''"V™'»^"'^"  —king, 
f."n.s.  """"""'  '•      l^'"'  h-''i-l  .»  ff,...y  with  a  wi,|,. 

F-  xcalaru  is  slightK-  la™.,,  fh.,,,    P  ■     ,     . 

"P  t..  fi  „„„.  in  \^r^gth.  '  »'inc„h,ru.  „„.as„ri„^. 

The  liabits  „C  this  six.ci,.s  .„.. 
F.cu„ic„lan.,  but  it  prefo"  .  ,c      "T"^'"  """'"'•  '"  'h'-  ..f 
'h^'  ^-m  and  is  o,an„    1  ;■;';'    ;■'''■'  '""l!"'  ™  "  '"'^"»  '- 
It  has  b,.e„  ,.,.,,,,1.,.,  bnedr^"     ,  h         '*''  "'  *"""""  '■^"^"'^■'«- 
Ta«cho„b..,.g,    H„war.l    ,'      T        •"','"""  -««'"H'nt  by  Schiner 
fion,   this  m^t-ril  '„   Fn  ,•    r'T''  ""''    ^   *•"-  "'-  bred    i 

^vhere  the  e.::::;j  .^  t:^,™' ^  <^'7'-.^«H  in  privi,;: 

"n    n>bbish-tips   „r  dumm    uh         ■      """"'"J""'  '^"'"litinn  and 

^■inke..  swi:„:i'^,i-;  -  -  ;"i-d  ^"">  ■'^"-^  - 

larva  .,f  this  species  as  breeding,  in  h  "'''''■"''  '"  ""^^   "'■<^ 

berg  also  refect,,  its  breJdin.  fn         r""  "''""'"^■"*-     T-'*™- 
Shan,  submitted      e-ffhT'      '""■""     '"  ^'""^  ^^^ ''-'d 
tion.      He  had   found    it  in   r  tt    '  T""  '"  ""■  '"'  """"'-- 
It  ,n   rotting  f„ng„s  in   the  New  Forest 
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ill  .S.'ptc.iiib.T  liK)5  .ind  iKiticd  it»  xiniilaiity  l"  .S»iiiiiim'r>l"iii'» 
Ijitiiiii'  Liirvii. 

Thu  liirvai'  .imTfju  iw  ■•iirly  im  uigltifii  liniin*  utter  thv  ilf|iii- 
»itic)n  i>f  thf  i-KK".  '""'  •x'C"'""'  l'iill-)(niwii  in  nix  to  twi'lvf  iljiy». 


Fio.  87.     Lan-a  of  Latrine  Fly,  Ftinmu  ncfilriri,'  Fab.      x  12. 

The  shortest  time  which  I  have  reconled  for  the  puiKil  stage 
was  nine  ilay.s,  which  was  in  the  month  of  August,  but  I  beheve 
that,  under  very  favourable  cond.tions,  the  pupal  stage  would  be 
passed  in  a  shorter  time. 


LARVA   OK    /'.t.VAV.I    ,VfM/,.|/.v,v  ,,^5 

"'"•  "' .^-  '•""«■«/-"■..,  iH.t  „  d,™.-  ,.X;.,„i„Hti„„  «ill  n.v,.,.l  >,.,, 
in  «hap..  ,t  „  »,n„lar  ,„  ,h,.  larva  „t  F.  ru.iculari.,  W-iu. 

-eh  »h,>rt,.r  than  th,«..  ,„•  r.  Ln.l,.r..  L  «        :t  :     , 

h..  h«,.r..,  «h.r..  th,,.  a..  ,,h,.«„  .l,„.al  t,.  ,h ,.1  |„,„.  . 

th..  .1,™. U„l..  „(  tl...  larva,  h,„„  »..«„„.„,  Ill  , ,„,„.,„  '^j 

»  v..»  «|m.yehame.,.r;  th.  Hr.,t  two  pair,  l,..i„^,  |i„|,    ,„„,.  ,|,,„ 

tn.".  th..  s„cc.«dn,K  -K-"  ■■..  the,  ,„a.v  1.  „„.,„i,„„.,^  ,„,,,"' 
Th..r...»  a  ,«„.„,■  lat..r„-.l,„..l  pr,..,...  l,..ari„K  -l-in..  '"  ,  | 
«n.l  sl-Khtly  ant..ri„r  t„  th.  1™.  „f  .aeh  „t    hi-  pr„e,l^  '  t 


Fill.  NS.     f„,„„„  .,.„;„r,-,. 


Vciunil  aspect  of  seHiiitiit  i 


a  stnall  .p,„„..r„„.s   |».pi||a.     A  sh„rt  .,pi„„u,  la..r.,-v..,„ral  ap- 
ix.n.  .so  .s  Mt„at.,l  .sl,,htly  ,„„r,.  p,„t..ri„rly.     Vi.w..l  tr,„„  mZ 
the  larva   ,,  «•..,   ,o  h.  ,„rr.„„„l,.,|   1,^.  ,,  ,h„k.  „f  Lath.-r-likJ 
proce,,.,      .S.g„,.„t.s  IV  t„   XI  ar.  .aeh   pr„W,|,.d  «,th  a    «i 
"t    pinnate.    lat.r„-.l,.r.s,vl    proc.»,.„   which    Kra,l„alh    i„c.r,.as.' 
St..  p,.sten„rly.     Three  ,«.irs  „f  „.,.,.  pi,,,,.,..  „,,,,:,,,,,  ,,„,,,,„ 
th     ob!,4ue!y   truncate   ,l„,.al   surfi.ce   „f  th,.',w..mh    segnte, , 
^..uat»i  lae..lly  and  vent..!  ,„  „„.  series  „,■  pi,„„.„.  p,^j^ 

.n  fiK.  «8  ,  but  m„ch  les.s  p„„,ate  and  .h„rter  than  the  later,,- 

<l"rsal  «ene.     The   laten.-ventral  processes  „f  ...,, „t   X       .   . 

situated  n,„re  ventrally  than  those  of  the  preceding  »e,.„ents 
their  usual  nl.i/'..  .-  t..i i-.  .  ..  n      s         n  ,  .mo 


pla 


to  the  base  of  each  of  the  i 
to  XI  is  a  small  branched 


taken  by  a  small  group  of  s] 


itero-<jors!il 
prices 


ipine> 


proces 


of  se 


Postel 
'gnieiits  V 
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On  thr  vi'iitnil  mIiIc  dI'  thf  liirva,  ixtiiiiliii);  frmii  MKiiiciitn  IV 
tii  XI.  thirc  in  II  »iiii»  111  |»iin«  i.f  snmll  xpinilrnniii  |iii|ii||iii'  im 
Hhiiwn  in  (ij{.  m,  inch  nt  which  \m  Hiiniitiil  at  thr  inil  of  ii  tmn»- 
vt'DH'  ri»w  lit*  H|)int'H,  Pimtcrior  tn  this  trannvi't^f  r«iw  nf  Hpint'H 
thi'ii'  iH  a  Hhiirtcr  mw  nf  spini's.  ilividiil  intu  I'mir  ^aiiw.  Thi' 
anlcriur  or  pi-itthonicic,  spiracnliii*  pi-iK-i-HscN  an-  six  tn  i*i^ht- 
I'llxil,  the  iiHual  niiiiilHT  nt'  thf  li.bi'.  Ixin),'  wvin.  Thi'  imMtiriur 
Bpiraciilar  priiocwcH  arc  viry  »iiiiilar  tn  thimr  "I  F,  ciinkiilarin. 
Vriglir  (l!MH)),  whci  has  ({ivin  a  ^immI  ilisi'iipiiiai  "I  this  larva, 
illnslrati'M  thi'  anti'rinr  siiiraciilar  pmcissis  with  ci^jhl  IhIh^s,  anH 
his  fi){iin'  lit'  mil'  111'  the  imstirinr  splraciiliir  pnncssis  is  nut 
virv  eli'iir. 

Thf  ti-athi'ry  characti-r  nf  thf  priKTssi-M  uf  F.  scttlnrin  iy 
priihably  assiK'iatrd  with  the  tint  that  thi'  larvav  usually  livr 
in  snlistanei's  ut'  a  Hfnii-lii|ui(l  chimifttT,  whi-ri'  such  prncrsA'A 
will  l)i'  luiirc  a(lvaiita){('i>iis  than  thiwc  nC  F.  caiiiciilariH  tiir  lifit 
in  such  a  nuiliuni.  It  may  !»■  nf  intiicst  tn  nntc  in  this  cnnni-c- 
tiiin  that  the  spinifiTnus  anil  hninchi'il  lateral  ap|)i-nila^cs  nl"  the 
larvae  nf  the  Keiins  Fitiiiiiii  were  cmisiilereil  liy  Walsh  (1H7()) 
and  pn'l"i!ily  'y  nthcr  i  ntniiinlnnists,  tn  Ih'  "  hnniehiai   '  or  gills. 

Walsh   ((.  c.)  stated:  "The   larvae wallnw   in   moist   decaying 

matter,  whether  animal  nr  vegetalile ;  and  as  in  such  situutiuns 
they  wnuld  be  snmetimes  stifled  lia'  want  nf  air.  if  they  breathed 
thrniigh  the  spiracles  nr  breathing  hn'es  with  which  all  nir- 
breathint;  insects  are  supplied,  natme  has  replaced  the  spiracles 
by  laterid  'branchiae'  nr  gills,  by  means  nf  which  thev  are 
able,  after  the  manner  nf  a  fish,  tn  extract  the  air  fmm  the 
fluids  ariauul  them,"  and  he  cnmiiares  them  to  the  gills  nf  the 
Ephemerid  lnr\*ae. 

Prior  to  pupation  the  larva  leaves  the  naiist  situation  for 
one  of  a  drier  chamcter,  anii  the  pujjation  is  similar  to  that  of 
F.  caidcHlaris. 

F.  Kcaluris  is  more  conunonly  tbund  than  F.  caiiiciilui-ii  as  the 
cause  of  intestinal  myiasis,  and  it  also  breeds  mnri  commonly  in 
human  excrement.  These  tiicts  make  its  economic  relation  to  man 
one  nf  some  inn)ortanci'. 
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THK  STAIILK   KI.V,  .'•To.Vo.V y.s 


r.i/.r/T/i.i.v.s  l.ixx. 


<)w>v,  to  „  K,neml  ■•™.,„l,lano,.  whic-h   this  .siHri,.,  Ih™.  , 
.•'^'"'■"  '' >"""■". mui  U.  the  fact  that  it  is  a  h|,.„l   ',  ,.1 

to  "  bit..  ••  u,„U.r  certain  c„„,liti„„.,.     T  C  ,       t'"  a   "'■'"':'' 

ri:^::;J:r:^:;rrtr-"'^^^^^^ 

In   England  and  Canada  I   have  tl,,,i„l  thi 
and  widel,  di,tributed,  .K-cmng    J^i    t  '  th'""'"  t''"'''."'"'' 
July  to  October.    In  the  United  St  ,T?^  """'^'  '■"'"" 

<l«ring  the  same  perili      D ,    1        '"      "'''";""  "  "^^  ■'•"""'"■" 

l"8>   ' !»■»  d.».  ,»l  .fa,   ,»"  ,  „     ,1  7  *""' '" 


stttbles  throughout  th. 


n.ber  and  ,s  con,n,„„|y  ,;„„„,   („  eou^hcds 


cowsheds  and  stables  h 
it  is  now  gxncraliy  kn 


le  winter  months.    Its  association 


and 
with  the 


iw  given  it  the  name  of  stable  Hy,  hy  which 
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'Phi'  rcct'iit  iiuosti),'iVtioiis  in  Jlassuc-hiisetts,  U.S.A.,  by  BriK  - 
Shcpiiiinl  iiiiil  Knsfiuui  (sei>  ]!»!!  U)  IftI:)),  on  tho  reliil'  ,>i  ..! 
S.  iiilrllriiii.t  tn  ]Hjliciiiiyfliti»  or  infiintilc  pnnilysis,  in  whic  ;  tln'V 
i-.xjiiTiini'iitivlly  ilcinoiistrntt'd  the  ability  uf  the  Hy  to  ti..ii.< nit 
tho  ilisKiso  to  hcivlthy  monkeys,  ivhich  exiiei-iinents  were  ci :. 
firmed  in  Washinjjton  by  Anilerson  anil  FroBt(iyi2),  have  resulted 
in  increased  attention  beinj;  jiaid  to  this  species,  which  is  now 
U'ing  studied  by  a  number  of  investigators  including  myself.  In 
later  e.xiieriments  Anderson  and  F>ost  (191:))  failed  to  continn 
th(.'ir  previous  results'. 


Left  latenil  iispect. 


Stviitoxi/.s  adcitntim  is  slightly  larger  and  more  robust  than 
^1/.  diiinestica,  measuring  about  7  mm.  in  length.  It  can  bo  readily 
distinguished  by  the  awl-like  proboscis  which  projects  horizontally 
forwani  and  slightly  upwards  from  beneath  the  surface  of  the 
head  (fig.  8!»).  The  bristles  of  the  antennae  bear  setae  on  their 
upper  sides  only,  as  in  the  allied  (lhi.s.iiiiii.  The  general  colour  is 
brownish  or  greyish  with  a  greenish  tinge;  the  dorsal  side  of  the 
thora."!  has  four  dark  longitudinal  stripes,  the  outermost  pivir 
being  interrupted.  At  the  anterior  enil  of  the  dorsal  side  of  the 
thorax  the  medium  light-coloured  stripe  has  a  golden  api)earance 
which  is  very  t-istinct  when  the  insect  is  seen  against  the  light. 

'  In  a  more  recent  paper  Siuvyev  anil  Herms  (1913)  describe  n  series  of  experi- 
ments in  which  they  were  unable,  nnder  varied  conditions,  to  transmit  poliomyelitis 
from  monkey  to  monkey  tlirc  .^h  the  agency  of  .V.  mlcitmHu. 
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The  aM.MiM'n  is  br.«(l  in  i).-.,p„rti„n  t..  its  length,  and  each  „f  th,. 
«.-ge  secmd  iinil  third  seginunts  hns  ,i  .injjle  „„.,ii„n  and  two 
lateral  bn.wn  .spots;  thor..  is  als„  a  n„.lian  s|H,t  on  the  fourth 
seRniont.  The  fourth  longitudinal  or  median  nerviire  (cf.  %  7, 
ir.\+i)  of  the  wing  in  S.  r,dnt,;,„s  has  not  the  pronounced 
angular  hend  found  in  the  same  iiervure.in  .1/.  ,l,„ne.stk;i. 

The  life-history  was  first  studie.l  in  anvthing  like  a  coiuplete 
nmnner  by  XewsteacI  (im)(i)  and  I  wa.^  able  to  eonfinn  his 
observations  .luring  1907,  HIOH  and  1!)12.-  Portchinsl<y  added  to 
our  knowledge  in  1!»]0,  In  the  United  States  Bishopp  (l!)l:i) 
has  recently  made  a  valuable  contribution  to  the  knowledge  of 
the  insect's  biology  ami  life-history,  ami  Mitzmain  (l!»i:i)  has 
given  a  summary  of  his  investigations  in  the  Philippine  Islamls 
which  have  e.vtended  over  two  years.  These  r..ferences  are  given 
as  it  IS  not  intended  to  give  an  e.xhaustive  account  of  this  insect 
here.  It  may  be  added  that  morph.jlogical  studies  have  been 
made  by  Xowstead,  Tulloeh  (190U)  and  Brain  (1912).  The  fol- 
lewing  a.x'ount  of  the  life-history  is  taken  from  the  foregoing 
accounts  and  my  own  notes. 

Both  .se.-ies  are  able  to  suck  blood.  After  emerging  from  the 
piiparium  the  proboscis  lies  extended  backwaiils,  along  the  ventral 
side  of  the  thora.x.  It  soon  bends  torwanl  and  haiYleris,  and  in 
SIX  to  eight  hours  after  emergence  the  Hy  may  take  its  first  meal. 
The  feeding  period  lasts  from  two  to  twenty  minutes.  It  has 
been  found  to  feed  chieHy  on  cattle,  horaes,  dogs  and  man,  being 
es|Kicially  attentive  to  the  eai-s  of  dogs.  Hre.l  Hies  may  begin 
ovipositing  on  the  ninth  day,  usually  after  they  have  had  the 
thml  or  fourth  fe,...l.  This  species  breeds  in  the  ibllowing  sub- 
stances, apparently  with  varying  preferences  in  different  countries  • 
horse  manure,  cow  manure,  sheep  dung,  human  excreta,  the  straw 
"f  oats,  nee,  barley  and  wheat,  fermenting  cut  grass,  decaying 
vegetable  substances,  including  fungi,  ami  in  animal  substances, 
no  doubt  in  a  state  of  decomposition. 

The  eggs  may  be  laid  singly  or  in  batches  of  as  many  as 
seventy-two  (Newstead).  The  eggs  are  white,  cylindrically  oval 
in  shape,  somewhat  resembling  a  banana,  and  measuring  1  nun  in 


length.     A  groove  widening  at  the  anterior  end 


side  of  the 


runs  along  the 


egg.     Mitzmain  states  thai  the  inaximuni  number 


200 


THE  STABIE   FLV,  STOMOXm  i:t/.c/TR.I.XS  I.I.VN". 


eggs  doposito,!  ,.t  one  poriocl  was  ninety-four,  and  that  i  he  maximiin. 
number  ot  eggs  ,lep,»ite,l  by  a  single  female  may  be  place,!  at  at 
le,ist,  SIX  hun.lred  an.l  thirty-two,  Bishopp  found  that  two  feedings 
are  usually  necessary  betw  en  the  deposition  of  each  lot  of  eggs 

There  are  three  larval  stages  and  the  larvae  are  creamy  white 
in  colour  an.l  have  a  shiny  translucent  appearance ;  the  yonng 
larvae  are  even  more  translucent.  The  adult  larvae,  which  measure 
al).,ut  n  mm.,  are  rather  similar  to  tho.se  of  .1/.  ,l,„„e«tic<t,  but  they 
can  be  distinguished  by  the  character  of  the  posterior  spinvcles. 
These  (fig.  90,^)  are  wider  apart  than  in  M.  dmnes'icn  and  are 
triangular  m  shape  with   roundel  corners;    each  of  the  corners 


Pm,  90.    Posterior  end  of  mnture  Inrvii  ol  .S'.  aihitmiu. 
A  Posterior  spiracle  of  tlie  same,  enlarBed. 

subtends  a  space  in  which  a  sinuous  aperture  lies.  The  centre  of 
the  spiracle  is  occupie<l  by  a  circular  plate  of  chitin.  The  anterior 
spiracular  processes  are  five-lobed. 

The  developmental  stages,  according  to  my  own  and  the  obser- 
vations of  those  who  have  studied  the  life-history  in  temperate 
and  tropical  climates,  are  as  follows:  egg  stage,  twenty  hours  to 
four  days ;  larval  stage,  seven  to  thirty  days ;  pupal  stage,  five  to 
twenty  days.  The  whole  life-history,  therefore,  from  the  depo- 
sition of  the  eggs  to  the  emergence  of  the  adults,  may  vary  from 
about  thirteen  days  to  seven  or  eight  weeks.  The  longest  time 
which  I  observed  in  any  of  my  experiments  w.as  a  few  days  over 
ten  weeks  (Oct.  4th  to  Dec.  15th).     In   temperate  climates  it 


.-■To../„.vi-.v  r.ii,/7-„,|.v.v  A.M.   DISEASE  .>„| 

that  th.,vc,.„l,l  b..  k™,  \vh     !  ,    ,         '"'""^  '""'"'I'l'  ••"""' 

f,„.H-     1  ^  teinpemtUR.,  innistuiv   a,„|   „,„„,,.   „,■ 

unthr.  ,            ,          ^■     r  ''■'""'  "^  ""^'  ^"'"'■•''^  '"^i"""    ••-..„.- 
can  ,n,.ct  anin.ls  with  tn-,«„„«L..  ,.,„,  .;;:jh:^::;:-  """"■ 

'  **'=  "I™  Siuvjer  ,1,1.1  Heinis  (1913) 

24  hour,  h»d  alapse,!  arte,  .1  e  mbibroTo    fhl  '"  '"'™''  "'  "  """""»  'o 

convey  .„thr„x  infection  ,o    h    1,   lZ^li,,„    '",?''"'■     •'•  '"'■■''"■"""  '"■'<">  «-> 
experimented  with.  '  '"  '"  "'"  ™*  <"  """^  "'  two  sheep 
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CHAPTER  XVII 

THE  BLOW-FLIES,  CALLlVIIOItA  EIIY'rHUOVEfllM.A  MEUi. 
AXI)  V.  riiMlTOItlA  1-.,  AND  THE  .SHEKl'  MACIIOT  OR 
"GREEN    liOTTLE'   FLY,   LUCILIA    CAKSMt   1-. 

The  \:\vff!  bl(iw-Hy  or  "bliu'  bnttli-,"  V.  eri/thi-'icephalo.  is  .i 
widolv  distributed  and  coiiiiiKin  spicics  in  Enrope  and  North 
Aniorica.  In  the  ])ast,  but  h'ss  Cdimnnnly  now,  the  namt-  of  the 
other  species,  ('.  riinilton'ti,  has  been  indiscriminately  applied  to 
both  spi'cies.  ('.  viiiiiitun'ii  is,  however,  much  less  comnicpn  than 
U.  eri/thi-dceplndu.  They  can  be  distinguished  by  the  fact  that  in 
the  latter  species  the  genae  are  fulvous  to  golden  yellow  and  are 
beset  with  black  hail's,  whereas  in  C.  vnmitonii  the  genae  are 
black  and  the  hairs  are  golden  red. 

Oalliphiii-d  erifthmcephitlii  has  been  described  in  detail  by 
Lowne  (1870,  1895).  Its  appearance,  with  its  bluish-black  thorax 
an<l  dark  metallic  blue  abdomen,  is  sufficiently  well  known  as  to 
render  a  description  of  the  adult  tlies  unnecessary.  Its  length 
varies  from  7  to  l.Smin.  The  larvae  are  necrophagous,  and  the 
Hies  deposit  their  eggs  on  any  fresh,  decaying  or  cooked  meat,  and 
also  ui).>n  dead  insects  ;  Howanl  (1909)  has  founil  the  Hy  on  fri'sh 
human  faeces.  On  one  occasion,  when,obtaining  fresh  food  material 
in  the  form  of  wild  rabbits  ujion  which  to  rear  the  larvae  of  C. 
en/thriicephala,  I  founil  the  broken  leg  i>f  a  live  rabbit,  which  had 
been  caught  in  a  spring  trap  set  the  previous  evining,  a  living 
mass  of  small  larvae,  which  were  devouring  the  animal  while  it 
was  still  alive.  An  enormous  number  .>f  eggs  are  laid  by  a  single 
insect;  Portchinsky  (Osten  Sacken,  1887)  found  from  450  to  600 
eggs,  though  I  have  not  found  so  many.  Fabre,  in  his  Smieenirs 
enttimologiqKes.  records  C.  romitoria  depositing  300  eggs  in  one 
batch  and  more  were  subseipiently  deposited,  and  he  believed,  on 
the   evidence  which   he  secured,  that  as   many  as  90"   may  be 
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.l.'p.«it,.,l.     Hi.  Cnm.l  th,.  Hi..s  w„„l,l  ,.„„.,-g,.  C, ,.„,„„.  l„,,i,.,| 

under  tiO  cm.  nf  sanil. 

With  an  luvnigc  mean  tcnipciatuiv  .if  23  (.'.  (7;j-5'F)  anil 
us.ng  ih.«h  ral.bits  as  t;„„l  t;.r  the  h.rvac,  the  (•„ll„wing  were  the 
shortest  times  111  which  I  reared  ('.  er;itln-meph„h,.  The  eggs 
hatched  tiuni  ten  to  twenty  h.mrs  after  deposition.     Th,'  larvae 


'§  '^ 


Mi 


^■TT.'^ 


Fl.i.  91,     I'osterior  pncl  of  iiiiUure  Inrva  o!  C.  ,njlhrn,;;iluiln . 
A  Posterior  spiracles  of  tirst  l.irviil  slaije  of  f.  ,'ri,tlir„iri,li,il,i.  Mb 
B  Posterior  spir.icles  of  secon.l  larvi.l  staRe  of  c' ,ri/tlir,„;,,li.'il,i.  ' 
C  Posterior  spiracle  of  mature  larva  of  C,  rnithmephal,!. 
0  Anterior  spiracular  process  of  mature  larva  of  C.  nythmetplmh. 

iiniierwent  the  first  ecilysis  eighti'en  to  twentv-four  hours  after 
hatching;  the  .second  moult  took  place  twentv-four  hours  Liter 
und  the  third  larval  stage  la.st.'d  six  davs.  the  whole  larval  life- 
being  pas.sed  in  seven  and  a  half  to  eight  days.  Fourteen  days 
were  sp,.nt  in  the  pupil  stat.s  thus  the  development  was  c.mplete 
in  tweuty-two  to  twenty-three  days.  I  have  n<,  doubt  that  thi.s 
time  could  be  shortened  by  the  presence  ,)f  a  very  plc'iitiful  .supply 
of  fowl,  as  an  enormous  amount,  companitively,  is  consumed. 
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The  fiill-gr„wn  larva  may  nicasuiv  as  much  as  IS  mm,  in 
li-iiKth,  Thciv  i»v  trt-.MlistiiK't  mandibular  sek.ritcH.  Tlu- anterior 
spn-acnlar  pnK;f»scs(fij;.  1)1  />)ar..  u»ually  nini.  Inlird,  Th.'  pwtwi.ir 
i-xtr.-mity  is  »urn,uml,..l  by  six  piirs  „f  tubercles  arranged  as  shnwn 
in  fig.  !»1  ;  there  is  als„  a  [Kiir  of  anal  tubercles.  The  iHwIerior 
siMracles  (%.!»!  t')are  circular  in  shaiK>  and  contain  three  straight 
sht-like  ,iiHM-tures.  In  the  second  1,-irva!  instar  there  are  only  two 
slits  in  each  of  the  posteri..r  spinicles  (fig,  1)1  /J)  ,,,„,|  i„  ,1,^.  first 
larval  in,stiir  each  of  thi'  jwisterior  ,spiracles  (fig.  ill  ,4)  consists  of 
a  l«ir  of  small  slit-like  ca-ifices. 

C.  en/tlinceplnil,,  is  an  out-do,a-  Hy,  but  it  frecpientiv  entei-s 
houses  in  search  of  material  »i„m  which  to  deposit  its  eggs,  and 
also  for  shelter,  Fr.jm  its  habit  of  frequenting  faeces,  whFch  may 
often  be  observeil.  especially  in  in,s;mitary  courtyards  and  similar 
places,  It  IS  not  improbable  that  it  occasionally  may  bear  intestiiuil 
bacilli  ,m  itsappi.ndages  or  body  or  internally,  and  thus  carry  infec- 
tion. Its  Hesh-seeking  habits  may  also  render  it  liable  to  carry  the 
bacilli  of  anthrax  .shcjuld  it  have  access  to  infected  ficsh,  and  such 
meat-seeking  habits  render  the  ingestion  of  the  larvae  into  the 
human  digestive  system  extremely  [xissihle.  Buchanan  (1907) 
recovered  the  bacillus  of  swine  fever  from  blow-Hies  which  were 
caught  on  the  carcases  of  pigs  which  had  died  of  swine  fever. 
Further  infection  experiments  with  C.  eri/thivcephalu  are  diacus,sed 
in  a  later  chapter. 

The  Sheep  Maooot  or  "Gheex  Bottle"  Fly, 
Lix'iLr.i  CAESAR  L, 

This  Hy  is  an  out-door  species  which  is  sometimes  found  in 
houses,  into  which  it  is  generally  driven  by  ailverse  weather  con- 
ditions for  the  purpose  of  shelter.  It  is  more  commonly  found  in 
farm  and  country  houses.  Although  it  is  not  so  large  as  C.  erythro- 
cephulu,  being  nior..  similar  in  size  to  M.  thi,u:stica,  it  is  frequently 
called  a  "blue  bottle"  and  is  often  referred  to  as  the  "green 
bottle"  fly.  The  colouring  is  more  brilliant  than  that  of  C.  en/thro- 
cephulu,  being  of  a  burnished  gold,  sometimes  bluish  appearance 
and  sometimes  of  a  shining  green  colour. 

The  flies  are  usually  fouiwl  on  dead  animals  and  carrion  ;  they 
also  occur  on  the  excrement  of  man  and  other  animals.     On  all 


•loa.      iht.   )ull-),'rn\vn   Imvii   mcasiiivs   in  f,,  1 1  i         , 
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h>lt  H  s  were  caught  in  the  neighb„urh,«Kl  „f  the  feetorv  fro  . 
he  m.l,  le  „.  J,„u.  „ntll  „,i,l-Septe,nber  an,l  it  was  f,  ,„?,  IZ 
he  a,lopt,„n  ,n  the  late  Hummer  of  a  svstem  of  destJl  tt 

The  larvae  of  Protocalliphora  are  .similar  to  those  of  ClUpl.^ra. 
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THE  CLl'STEK    FLY    fOLLEXH    IICDIS   KAIl.   AND  MVSCIXA 
STMIi'LAXH  FALL. 


The  firat  nf  tlusi'  twu  specifs,  I'ldleiiin  rudia,  is  ccmiiiioii  in 
Eunipc  and  X(irth  Aniorica.  On  accDUnt  of  their  habits  and 
gonoial  appuaranco  thi'y  ari'  usually  mistaken  by  thi'  uninitiati'il 
for  h"Us(-Hies  i'nicrf;inj;  fnim  thfir  winter  sleep.  Early  in  spring 
and  .suuietimes  during  mild  (hiys  in  winter  they  may  be  fnund 
crawling  sluggishly  aruund,  as  is  their  habit.  Out-of-dciors  one 
may  find  them  on  the  snow  around  buildings  or  on  the  walls. 
In-doors  they  buzz  lazily,  fre(|Uently  in  considerable  nund)ei-8,  in 
the  windows  and  I'siH'cially  on  the  windows  of  unoccupied  rooms. 
I  have  found  them  out-of-doors  on  the  snow  at  Ottawa  as  early  as 
the  middle  of  March.  In  England  I  have  observed  them  entering 
the  sun-lit  window  of  a  bed-room  in  a  country  house  and  -warm- 
ing over  Xhv.  wimlow  p;n\es.  They  appear  to  frequent  especially 
country  houses  covered  with  creepers  and  vines.  The  name 
"Cluster-Hy  "  has  bn^n  given  to  them  on  account  of  their  habit  of 
congregating  in  large  number.-:  in  and  about  houses  and  other 
occupied  buildings.  They  ap[M'ar  to  prefer  unoccupied  rooms,  no 
doubt  on  account  of  the  absence  of  disturbance. 

Howai-d  (1911)  refers  to  the  observations  of  Uall  in  the  United 
States,  which  confirm  my  own  made  on  the  habits  of  this  Hy  in 
England  and  Canada.  Dall  states  that  this  Hy  was  a  great 
nuisimce  in  country  houses  near  Geneva,  New  York  State.  They 
were  a  terror  to  hoUM'keepera  since  they  were  found  in  all  kinds 
of  places  such  as  in  and  on  beds,  wardrobes,  behind  pictures,  etc. 
They  would  form  large  clusters  about  the  ceilings  of  clean,  dark 
nwma  seldom  used.     It  was  stated  that  about  the  first  of  April 
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th,-y  t,,,,,,.  „ut  of  th,.  KiHs,  an,l  Hrw  „,,  ,„   tl„.  ,„„„v  ,i,|,.  „,■ 
h..usc.s,  wh.eh  th..y  ,.„t,.r,.,l.     Th,.y  .v,„ain,.,l    i„    ,.vi,|,.,„v    „„ti| 

»"in,.  tun,,  in  May  and  th,.n  .li»,.|,|j.,„v.l  until  .S,.pl,  niUr      L., 

nnnilHm  w,.,v  said  tn  ,«Mir  „ft,-n  nndrr  l.nildinKs.  I„.t«-,.,.n  th,. 
earth  and  th.-  H„„r.  An  wanunatinn  .,r  th.-s,.  Hirs  ami  a  on,- 
pjuism,  with  M„,<:,  ,l.„„e.tka  will  shuw  their  distinct  ehaiacter. 
Iheir  characteristic  sluKgish  habits  haw  already  l.,.,-,,  in,nii„n,.,l 
They  are  slightly  larKer  in  »iz,.  and  darker  in  cnl,„ir  and  the 
thorax  18  .sparsely  c.v.M-ed  with  yellowish  eoloi.ivd  iiairs.  When 
at  rest  the  win^s  are  toldcd  more  closely  together  r.vvr  the  back 
than  IS  the  case  of  the  houw-Hy. 

As  111  the  case  of  many  other  common  species  of  J)ipt,ra  wr 
have  little  information  in  reganl  t..  the  breediiiK  habits  of  this 
species.  Roblneail-Desvoidy  states  that  the  Hies  of  the  genus 
Pudema  deposit  their  cgK"  on  decomposing  animal  and  vegetable 
matter ;  in  this  regard  they  reseml,le,  in  general,  the  other  memb.-rs 
ot  the  iMuscida...  Howard  (1!110)  n-coi,ls  the  rearing  of  a  single 
specimen  of  1'.  rmlk  from  cow  inanur.'  in  Washington  U(;  in 
December,  and  quotes  J.  .S.  Hine  as  reporting  the  rearing  of 
numbeix  of  Cluster  Hi.-s  in  th,-  summer  of  I!)10  from  c.w  manure 
in  the  pasture.  Coi)..man,  Howlett  .iiid  Merriman  (1911)  recoril 
the  occurrence  of  three  .specimens  of  f.  nulk  in  a  collection  of  -'00 
larvae  and  piip^ie  obtained  from  fresh  refuse  on  the  Norwich 
Corporation  tip  at  Postwick.  Keilin  de.sc-ribes  1>.  n„li.  as  ijarasitic 
on  a  species  of  earthworm  AUoboplwni  Momticu  .Sav,  He  states 
that  it  pupates  in  the  earth,  the  p,i|«l  stage  lasting  from  thirtv-Hi.' 
to  fortv-two  da^■s. 


il/r.sf/.v.i  .iT.iufL.i.Y.s  Fall. 
So  similar  is  this  Hy  to  the  true  house-Hv  in  g,-neral  appear- 
ance, though  slightly  larger  in  size,  that  it  "is  almost  invariably 
mistaken  by  the  untrained  observer  for  a  large  house-Hv.  Ac- 
cording to  my  own  observations  it  usually  ,H;ciirs  in  and  neir 
houses  m  the  early  summer,  about  June,  ,md  generally  about  the 
same  time  that  the  Lesser  House-Hy,  Fuuui,,  camctari.  is  th.. 
predominant  domestic  species.  Hamer  (1910)  found  that  the 
largest  number  of  J/,  stabulmis  were  captured  in  August  m,] 
..arly  September.     In  large  collections  which  hav.-  be.ei.  made  in 
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X..ith  Aincriea  unci  Kiigliiml  ..f  (hf  flics  .N'ciiiririj;  in  hmiwii,  ji 
nuriilhi-  .,f  siKi-iiiuiis  ul  this  sinriis  an-  usiinlly  Imiiiil  (hic  p,  (Mi), 
Clilaiul  (Ifiril  ivc-unU  it  in  Xrw  Smith  Wal'.s  as  .KviininK  in 
huUM's  im  thi-  windi.w  ^mwh  nv  i,n  the  talili-  iit  ijiial  tinn':  in  the 
iicijfhlxiurh.iu.l  i,i  hiiiis.s  hf  stat.s  that  it  is  tuiinil  IfcdinK'  '" 
hiii!.sc  nliisi-  and  riiund  thr  gailpaj;r  can. 

Jl  in  larger  than  .)/.  ihiinextlcn  and  more  ruhnst  in  a|i|icarancc. 
It  varies  from  7  t.i  nearly  lOhini.  in  length.  A|»irt  In.in  its 
greater  size  it  may  be  distiiigiiisheil  fr,,m  .)/.  dnnmlirn  by  the 
liiet  that  the  median  ..r  fcinrth  longitudinal  vein  let',  fig.  7, .)/.  i  +2) 
"f  the  wing  is  only  slightly  carved  \.iitrally  insti«d  .if  being 
btlii  npwards  thr<,ugh  a  [irononnced  .ingle  as  in  .)/.  donrntkii. 

Its  g>iieral  apjiearance  is  grey.  The  head  is  whitish-grey 
with  a  "shot"  apiMiranee.  The  tbmtal  region  of  the  male  is 
velvity  bhick  and  narrow;  that  of  the  female  is  blackish-brown, 
and  is  about  a  thiiil  of  the  width  of  th.'  head.     The  bristle  of  the 

■■""'■ '  '"■"'•■''  «■'«'■  "11  the  upper  and   lower  sides.     The  doi-sal 

side  of  the  thcpi-ax  is  givy  and  has  four  longitudinal  black  lines: 
the  scutellum  is  grey.  The  abdomen,  as  also  the  thorax,  is  really 
black  coveivil  with  grey;  in  places  it  is  tinged  with  brown,  which 
gives  the  abdomen  a  blotched  appearance.  The  legs  are  rather 
slender,  ami  are  reddish-gold  or  dirty  orange  and  black  in  colour. 

The  eggs  are  laid  and  the  larvae  feed  upon  various  kinds  of 
decaying  or  deeomposing  vegetabli^  and  animal  substances.  They 
have  been  reared  from  fungi,  decaying  hiiit,  such  as  apples  and  jH-ars, 
cucumbers  an<l  miseellaneou.s  vegetables.  They  sometimes  attack 
growing  vegetables,  anil  I  have  reared  them  in  cc'.nsiderabic  numbers 
with  root  maggots  fi-oni  radish.'s.  In  the  latter  case  the  eggs  „r 
young  larvae  may  be  intrcKluced  with  the  manure,  but  I  have 
found  them  also  attacking  growing  plants  where  no  manure  had 
been  used.  Aldrich  has  reared  it  in  Idaho  from  nitten  radishes. 
They  breed  in  excrement,  such  as  cow  dung  and  human  excrement 
from  which  Howard  (lUOO)  reared  spt'cimens.  Cleland  (lf)12) 
describes  this  species  as  occurring  on  human  faeces  and  house 
refuse  in  Australia.  In  Europe-  they  have  been  found  feeding  on 
caterpillars  and  larval  bees  and  in  Canada  Fletcher  (1900)  records 
the  species  as  parasitic  on  the  noctuiil  caterpillar  Peridraniia 
muoia  Hbn.  in  British  Columbia.     In  the  United  States  thev 


llAhim  llK    Ml-.' 
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'".^  ..H.h.  K,l,.y«as„,  ,l„.„,,i„i„„  ,h,„  i„  ,(,..«,„  ,„«.  ,„„.,, 
. ..  -.nly  ,v,.ro  f,.,|  ,„„„.  ,„  ,«.,  i,  «,.  ,.„,„,  „„  ,„..  „„.,„: 
'    '"",'"■   ""''    I'"l" •    th,.    Kl,n-I,.„t    l„.,.,|,..     (),1„.,   „|,„.,v..,x 

2:S:r"'""^ ■'■'"' •"•■- '-"">■ -i-™'^ 

Th,.  ,„„s,   ,.,„„,.|,.„.  ,,,„„„„  „,.    ,/  ^,,,^,,,_^^^^  ^^  ^ 

>i     it<.|„,r,.s  s,K.|,   as  ,„s..et»,  ,h,.i,.  larva,.  a,„l   |,„,,a,..  in  ,,„„,, 

.t,s  ,lMM„0  ..««s  a,,.  ,l,.,„,si„.,|:  ,l„.v  ,„,  ,  ,„    I        . 
-V..,.,,.   anal  ,;,.,.     H,.  c„„fi,.„.  H„„..|„v,  .a^.n^nt  ,l,a, 
fli.   H>  IS  able  t„  pass  thn.uKh  Us  ,l,.v,.|„|,n„.,„al  staps  in  al„a,t  ., 
';     ■  ",'"'  "'-  — '  K.-".'..m,.„s  a  y,.a,.  ■  ,.  .h.,,,!,,..,:, 

"  .nl,M„,      Ih,.,.,.  a,.,.  .«.„  H„s,.|y  a,.|.,„xi„,a„.    ,„an,liM,.;.     Tl„. 

-  t..n,,r  sp„n.nla,.   p,.,...ss,.s  a-v  asually  Hv,.-| ,|  „„„.„ ,„, 

,     *  '""'  '"■'■  ''"••"■«h'^>   Ilk-  1.M...K  U- which  th,.   HnK,.,s  hav',. 

"..■e„  an,p„,at,..l  a,  th,.  Hrs,  ,j„i„,.     Th,.   ..steri,,,.   spi.th.s   a,,. 

-l™nt.,ll,yas,„.eol..ss,ha,,    ,h,.  ,li 't..,-  ,.f  ,.,„.:  ,h„y 

""n,l,.,l,  a„,l  ..ach  ,.„,.|„.s,.s  thr,.,.  .rianKalar-shap,.,!  ar,.as  ..,  ' 
m.nn,K  ..ach  a  slit-lik,.  a,.,.,,,,.,..  ,  hav,.  I,  .,e,.„'a.,l,.  ^  . 
Zltr"'  ""f ''""^^    Taseh,.,,.,,.,.,  ,„.,  .,.,.„  ^„,  i, 

that  this  |K.n,«l  can  l,c  sh„rtcnc.l 

The  habits  .„■  this  spcc„.s  which  lea.l  it  t„  (,...,p„„„,  „,,,„„„„„, 
.™l  M  ..,..1,10,.  n  a  potential  disease-carri,.,.,  as  F„rtchinskv  ..Is,. 
j^n„.     H,."kMim2,r,.c,„„sth,.,„.si,„byachiM:^,;;^ 

tr,„„  .l,arrh„..a  „(  a  c„„Hi,|,.rabl..  ,„„„be,.  ,.f  th..  Ia,.v f  ,hit 

s,K.c,,.sa„d  ref,.,.  t„  I.,,b.a,ll„.„,.-s  ,..,.„r.i  of  the  larva,.  „f  M  .t„l,i 

-;.l  Blaekloek  (l-.I.S,  rec.nl  th..  ,K.cu,.r..nce  .,f  th,.  huva..  in  a  Z- 
"""■'"'''   "'^"'""'  "'   ■■'   """'.v.   t-'Kether  with  the    larva..'  „f 

H.   H.  K. 
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Fannin    i-iiiimiliirix.     Tlii'   ivliili"!!   iif  tliin  »|)..cii'»   I"    inli'stiiiHl 

IMvillMir^    in    rr('fn't'<l    t't    later. 

It  IK  iiili'ivatiiiK  I"  ii"ti>  ill  <i.iiclii»iciti  lliiit  llaiiir-r  (llllOl 
Htuti'H  thiit  Ji  ii-Tiuiikul)li'  |i<)int  in  ii'^anl  tu  Miixi-imi  was  thi- 
fr.>i|UiMiiT  Willi  which  it  wiis  inlVKti'd  with  |»im!.ili».  Thiw  win' 
a|i|iiiivtill.v  liainasiil  miti's.  In  larl.v  .Inn.-,  .an  ..I'  :MK)  Hh'!. 
I'xainiiicil,  -Kl  »|H'cinifiix  wi-ri'  inlrst.'il.     S.i  i-lnwiy  tojji'thiT  wit.' 

thi'  |)arasiti's  ajf^ftf"''''!  '"  '*" in>lai»i'M  thiil  n'l  |>ail  '■!  thi'Hys 

alHliani'ii  was  visililc,  tli.-    initi-»  f.inniiiK  a  kiml   nf  chain   mail. 

Bi'H.-sc  (  1:M2)  rcrnids  ih.'  ..ccuiicncc  ..I'  th.'  c.n "ii  niitc  .1.  mii"- 

oiniiii  (sc  |).    I'>H)  .III  thi»  »|ici-ii'!<  .il'  Hy,  ami  it  is  n"l   iinlik.'ly 
that  Ihi'  al'.ircmcnliam'il  iiiit.s  may  have  lie.  ii  llic  nam.'  >.|).'.i.s. 


CIIAPTKH    XIX 


AI.I.IKIi    Ml  Silli    HI, IKS    AMI    M  ISi  Kl.l.  \M.;(  M  s   FI.IKs 
l''irMi    IN    Mill  SKs 

IxiiiAV   lliiiNK  Ki.v     l/r.M.i   iiiiMi:.Tii' i    mi;  M'Ki  iks 
iikti:i:mi.\.it.\   Wai.kkii 

Tmi>  liiili;iii  varii'ly  .•!  ilir  li.in-..'-riv  wii»  ,l,viiK.-il  In  Walk.r 
(IHoli)  th.iii  ilh'  Kasi  Imlirx  Hn  .lr»ni|in..i,  i>  a,'  |.,||,m,: 
'•Bliic-k  iiitll  a  li,,aiv  <■  .vrririL;  .  !n-iv\  •ilh  a  »hil..  i-..\..|iiii; ; 
frirtititlia  \»;m\,  lilack,  nannHir  t..«ar.l>  tli.-  ti'.'N]>;  ,vr^  luuv  . 
imlpi  aiul  l,,.|,i»  blark:  cll.sl  uiih  tnm  lilai-k  Mri|H>  ;'al).l.,m.n 
cllh'ivi.us,  with  a  lariri'  Uwiiv  s|«,t  ,.ii  ,.ai-h  m,|,.  at  lli,-  lias,. ;  1,.^;^ 
liliick;  wiii^rs  sliffhtly  ^'rey.  with  a  liiwiiy  tiii^r  at  th.'  I)a~- ; 
pmi^brmliiai  .in  turiiiiiiK  a  M-ry  ..liius,'  aiij;li'  at  its  tt.-xiiiv,  vny 
sli)jrhtly  lifiit  iiiHanl  tV.ii.i  thriitv  t..  ihr  tip;  |.,ttri-  ci-.in.s  v,-in 
ahiiost  Nlraight;  aliilar  whitish,  with  pah-  vrlh.w  l,.„-,hr-:  haltnv, 
tattiiy. " 

In  appc'iii-aiic.'  :in(l  sizf  it  is  vn-y  siuiilar  t.i  .)/.  ■/.»/«.',W/.-./,  U* 
iMvcding  habits  ar.'  ala.,  similar.  Ahlriilxr  ( l!M»li  states  thai  at 
ciTtam  siM».,ns  .,t  thi-  ywir  it  is  present  in  en..rhi..us  ninnlK'r-.. 
Thi-  iii.'th.Kl  ..|',|is|)„sal  ...f  tile  nif,'hl  soil  is  t.i  bury  it  in  tivnches 
abiiiit  line  toot  or  less  in  depth.  Frnin  une-.sixtli  of  a  cubic  tiiot  ..f 
*>il  taken  troiu  a  trench  at  MeiTiit  and  placed  in  a  etige.  +(Hi 
Hies  were  hatched.  Lieutenant  DwyiT  collected  .->()()  tnun  one 
cage  covering  three  sipiare  feet  of  a  trench  at  iMhow.  S|>.'eiiiiens 
in  the  British  Museum  colhrti.in  were  obtained  fr.aii  hospital 
kitchens,  and  Smith  found  them  in  a  waid  at    Bmar.^. 

They  have  also  been  reconli-d  from  th,  N.W.  1V..\  inees, 
Kangar  Valley  (4o()(l  feet),  Dersa,  and  I  h.av,  r.i',M\e,l  si.,.r,,,,..n. 
from  Aden. 

14--.' 


21-2 


ALLIED  Mt'SCII)   AM)  SIISCELLANEOUS   FLIES 


.l/rwi    KXTKXIAT.l    Bic:iiT. 

This  species  "f  hmisc-Hy  has  a  distributii.ii  smuewliat  similar 
to  the  last  sjH'cies  and  like  it  has  a  ii.arki'il  vesemWance  to 
M.thmeMim  as  Bigot's  (1HS7)  (leseriptiun  indicates:  'Front  tres 
etroit.  I.'s  yeiix,  toiitetois,  separes.  Anteiniis  et  palpes  noirs  ;  face 
et  Jones  hianches;  thorax  noir  avec  trois  larges  bandes  longitndi- 
nales  grises;  tiancs  grisatres,  eciisson  noir  avec  denx  bandes 
sendilaliles ;  cnill<Tuns  vi  balanciers  d'un  janniitre  tres  pale; 
alxlouien  tanve,  avec  nne  bande  dorsah'  noire  et  (|nel.|iie»  reHets 
lilancs;  pieils  noirs;  ailes  hyalines;  ciiKpiii'ine  nervure  longi- 
tudinal (Rondin)  eou<lee  suivant  nn  angle  legereiueiit  arrondi, 
eiisuiti'  nn  pen  concave;  denxieme  transverside  (rextrerrie)  presqiie 
perpendicidaire,  legerenient  bisinwense,  sondee  k  la  ciininieine 
longitnilinale,  ii  egale  distance  du  conde  et  de  la  preniiJ^re  nervnre 
transversale  (I'interne)." 

.1/.  eiitenwtii  measures  4  to  5  mm.  in  length.  The  British 
Museum  collection  contains  six'cimens  sent  by  Major  F.  Smith 
from  Benares,  with  these  notes:  "Bred  from  hmnan  ordure; 
h..spital  ward  Hy ;  at  an  enteric  stool;  bred  from  cow  dnng  fuel 
cakes. '  I  have  received  specimens  from  Suez  and  Aden,  and  it  is 
recorded  as  breeding  in  human  excrement  in  Khartoum  (Balfour, 
1!)0S)  and  in  stable  refuse,  as  also  are  .1/.  domextmi  and  .1/.  corcimi. 
It  will  be  seen,  therefore,  that  its  breeding  habits  are  very  similar 
to  those  of  .1/.  ilumeatini  and  the  sub-species  deteriiihuiUi.  It  is 
interesting  to  note  the  ch..ice  of  cow  dung  ius  a  lireeding  place, 
especially  in  conjunction  with  the  economic  status  of  the  cow  in 
India. 


.l/C.si.'.l     VKTVr'Tll^SIMA    WaLK. 

This  is  a  coininon  species  in  Australia  and  can  be  readily 
distinguished  from  M.  (hmestiai  by  the  silvery  white-thoracic 
stripes.  (;ieland  (lltli),  who  reprints  Walker's  description  of  the 
siK'cies,  writes  of  it  as  follows:  "This  fly  is  essentially  an  out-of- 
door  s|«cies.  Very  rarely  indeed  is  it  found  within  the  house 
and  only  occasionally  in  out-houses  with  open  doors  and  windows. 
When  found  in  these  situatioius  it  is  usually  attracted  by  some 
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source  of  food,  such  ii»  the  eiirciiss  of  iin  nniniiil,  even  thoiijjh 
freshly  killed.  They  have  been  found  in  ahundiinee  feeding  nn 
the  pus  of  lilowl  from  the  sores  on  the  head  t»f  a  sheen.  As  soon 
as  one  ventures  outside,  if  the  weather  is  warm,  this  species 
attaches  itself  to  one's  person.  In  some  country  situations  that 
part  of  one's  clothing  sheltered  from  the  wind  nuvy  he  covered 
with  a  dense  mass  of  these  insects.  They  are  especially  arniovini; 
by  hovering  around  and  finding  their  w.ay  into  one's  eyes,  nose 
and  mouth." 

It  is  very  common  in  the  neighbourhood  of  .Sydney,  X.S.W., 
and  in  all  the  country  districts  in  Xew  South  Wales.  It  is  al.so 
common  in  Melbourne,  around  Adelaide,  and  occurs  in  Perth, 
West  Australia. 

The  abundance  of  this  Hy  and  its  habit  of  hovering  round  and 
alighting  on  the  face  of  human  beings  makes  it  probable,  as 
Cleland  suggests,  that  if  such  eye  diseases  as  epidemic  con- 
junctivitis and  trachoma  are  transmitted  by  Hies,  this  species 
would  be  incriminated.  It  will  readily  eat  dried  blood.  Cleland 
states  that  smears  of  anthrax  blood  were  made  on  glass  slides, 
and  after  several  days  were  confined  with  one  of  these  Hies  in  a 
test  tube.  .Some  of  the  blood  Wivs  oaten  and  anthra.x  bacilli  were 
cultivated  from  the  resulting  faeces,  and  the  Hv  itself,  on  being 
emulsified  in  saline  solution  and  injected  into  a  guinea  pig,  gave 
the  animal  anthra.\. 


The  Root  Maggot  Fly.    Axthhsiyia  rmihiwi 
Meigen  (fig.  !I2). 

This  meiid)er  of  the  Anthomyidae  has  been  found  in  houses, 
especially  those  in  or  near  the  country.  It  is  not,  however,  a 
house-Hy  in  the  same  sense  as  its  congeners,  F.  cicidciiliiris  and 
/'.  smhirw,  and  while  its  habits  lead  it  in  search  of  e.vcrement  it 
is  not  likely  to  be  a  serious  factor  as  a  vector  of  pathogenic 
organisms.  It  may  occasionally  be  responsible  for  intestinal 
myiasis  and  a  case  recorded  by  Austen  (1!»12)  is  referre<l  to 
later. 

In  size  and  general  apiiearance  this  species  resend)les  Fuiiuw. 
The  female,  which  is  shown  in  fig.  92,  is  olive  grey  in  colour  and 
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hiis  i,hi>  upper  frontal  rejjion  of  the  heiul,  that  is,  between  the  eyes 
and  superior  to  the  bases  of  the  antennae  an  orange  rufous  eolour. 
The  male  is  ilarki-r  in  colour,  the  dorsal  side  of  the  thorax  being 
blackish  with  three  black  longitudinal  stripes;  the  frontal  region 
is  very  narrcjw  ;  the  abdomen  is  grey  with  a  dark  median  stripe. 
The  average  length  of  the  body  is  S  niiu. 


Fk*.  92.     The  Root  MiiKKot  Flv /lH(/iywi,'/i«  ""''VieK  Mei(,'.     Female.    x9. 

The  flies  are  common  in  the  summer  and  may  be  found  in  the 
neighbourhood  of  manure.  In  a  study  which  I  made  (1!)()7)  of 
the  life-histcn-y  of  this  .species  it  was  found  that  the  eggs  were 
very  frefpiently  deposited  on  hoi-se  manure  which  served  as  a 
common  breeding  place  for  this  tiy.  The  insect's  popular  name 
has  been  derived  from  the  fact  that  the  larvae  also  commonly 
feeil  iiptm  the  roots  of  certain  cultivated  cruciferous  plants  such 
as  cabbages,  radishes,  etc. 

The  eggs  hatch  out  from  eighteen  to  thirty-six  hours  after 
deposition.  The  first  larval  stadium  lasts  twenty-tour  hours,  the 
.second  forty-eight  hours,  and  five  days  later  the  larva  changes 
into  a  pupa,  the  whole  larval  life  occupying  about  eight  days. 
The  pupal  stage  lasts  ten  days,  so  that  in  warm  weather  the 
development  may  be  completed  in  nineteen  to  twenty  days.     The 
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full-grown  larvae  (fig.  9:1)  measures  S  iiiin.  in  length,  and  may  be 
distinguished  by  the  tubercles  surniunding  the  caudal  extremitv. 


S^x?rrfyy-. 


pt^sp... 


Fill.  93.     Mature  liuvn  of  Ainhminjin  nuUnim  Meit,'.     ■  12. 
p.Kp,  Posterior  syiracle.        pt.np.  AnlPiior  spinicular  process.  A  smite  fnlarj,'(>(l. 

In  this  species  there  are  six  pairs  ufspiinmis  tubercles  siirrounding 
the  posteri<)r  end,  and  a  seventh  pair  is  situated  im  the  ventral 
surface  posterior  to  the  anus.     The   tubercle.s  of  the  sixth   pair, 


Fic.  94.  Fid.  95. 

Fio.  94.     Posterior  end  of  niiitiire  larva  uf  Antliouii/in  nitliciini  Meij,'.     an.  .\nus. 
Fid.  93.     I'tipa  of  A.  nndvitm.      x  11. 

counting  from  the  dorsal  side,  are  smaller  than  the  rest,  and  are 
bifid.     The  arrangement  of  the  tubercles  can  be  seen  in  fig.  !i4. 
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The  anterior  spiracular  processes  (fijr.  98^4)  are  yellow  in  colour 
and  have  thirteen  lobes. 


The  Moth  Flies.     I'syr/io/tA  svp. 

There  may  be  found  fre<iuently  on  wind  >w  [xines  sinall,  grey, 
moth-like  Hies  known  as  "  tnoth  Hies"  or  '  mwI  midges."  The 
wings  of  these  minute  insects  are  large  and  broad  in  proportion  to 
the  size  of  the  body  and  are  densely  covered  with  hairs:  when  the 
insect  is  at  rest  the  wings  slope  in  a  roof-likf  manner.  The  larvae 
of  some  species  breed  in  excrement;  Newstead  (1007)  has  found 
the  larvae  in  human  excrement;  others  <K*cur  in  decaying  vegetable 
substances.  I  have  bred  them  from  rotting  jX)ia,toes,  while  certain 
s|K'cieH  breed  in  water,  especially  when  it  is  polluted  with  sewage. 
Such  aquatic  species  have  the  spiracular  apjKiratus  mo{lified  to 
suit  their  changed  life.  Welch  (19l2)  has  recently  described  the 
life-history  of  a  new  species,  Psychoda  aibimdculattt,  which  was 
found  breeding  in  the  sewage  and  water  of  the  exi>erimental  tanks 
of  the  Chicago  sewage  works.  Although  a  form,  Phlehoiomub, 
which  occurs  in  southern  Europe,  northern  Africa  and  north  India, 
has  blood-sucking  habits,  most  of  the  sj>eeies  are  of  little  economic 
im|)ortance  in  their  relation  to  man  except  in  their  nVe  as 
scavengers. 


Antong  other  species  of  Hies  which  occur  in  or  visit  houses 
may  be  mentioned  the  Cheese  l\Iaggot  Fly,  Piophila  catiei  L., 
whose  larva  the  well-known  "cheese  skipper"  lives  in  cheese, 
ham  and  other  animal  substances,  usuallj'  of  a  decomposing 
character.  The  life-history  of  this  species  may  be  passed  in  so 
short  a  time  as  three  weeks,  or  it  may  be  more  prolonged.  Occa- 
sionally the  larvae  may  be  more  responsible  for  cases  of  intestinal 
myiasis.  The  Hesh-tlies,  of  which  group  Sarcophaf^a  canmria  is 
a  common  species,  occasionally  occur  in  houses.  They  breed  in 
excreta  and  decomposing  animrd  matter,  especially  dead  insects. 
The  Yellow  Dung  Fly,  Scatophaga  stercoruria  L.,  a  rather  large 
yellow  riy  which  is  commonly  found  on  and  breeding  in  cow  dung 
and  other  excreta,  is  tbimd  in  country  houses  on  rare  occasions. 
Reference  has  already  been  made  (p.  171)  to  the  useful  character 
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i>t'  this  M|>ccii-s  as  an  i-neiiiy  of  M.  domestica.  Sometiiiio.s  siiiiill 
shining  black  Hies  hulonginj;  to  the  genus  Scenupiiiii.i  are  found 
in  the  windows  of  houses.  They  measure  about  one  ijuarter  of  an 
inch  in  length  and  have  been  called  "window  Hies"  by  Conist.ick. 
The  larvae  of  these  Hies  appear  to  lie  carnivorous  in  their  habits. 

Many  other  Hies  accidentally  stray  into  houses,  but  so  far  as 
we  have  been  able  to  ascertain  by  their  feeding  and  lireeding 
habits,  the  species  which  have  been  considereii  are  the  oidy  Hies 
which  are  of  special  economic  interest.  No  general  statement, 
however,  can  be  made,  for  in  spite  of  the  advance  in  our  know- 
ledge as  to  the  economic  relationships  of  the  Oiptera  which  has 
taken  place  (luring  the  past  few  yeare,  the  information  we  now 
have  available  only  serves  to  indicate  how  little  we  really  know 
concerning  this  important  order  of  insects. 


PAET   V 

THE   RELATION   OK   H(jn.SE-FLIE.S  TO  DISEASE 
CHAPTER  XX 

IHK   DISSKMIXATIOS  (IK  I'ATHOOKNH'  OHCANISM.S  BV  FI.IKS 

ALTIl<>r(ill  .)/.  (lunteiticii  is  unalile  to  act  as  a  carriui'  nf  pathi)- 
j^ciiiu  inicn>-organisnis  in  a  inaiintT  similar  to  that  ot'  tht;  iiH)Mquito, 
so  far  as  wc  know  at  pn-st'iit.  nuvLTtheless  its  habits  rtMider  it  a. 
\  ory  potent  factoi'  in  thf  dissemination  of  disi'ase  by  the  mechanical 
transference  of  the  disease  germs.  These  habits  are  thi'  constant 
li-einienting  and  liking  for  substances  used  by  man  for  food  on  the 
one  hand  and  c'Xcremcntal  products,  purulent  discharges,  and 
moist  surtiices  on  the  other.  Slioidd  these  last  contain  pathogenic 
bacilli,  the  proboscis,  buly  and  legs  of  the  Hy  are  so  densely 
setacecais  (see  fig.  !IG)  that   a  great  opportunity  occui's,  with  a 


Fill.  96.     Tiirsiil  jiiintH  of  one  of  posterior  imir  of  leKH  of  Mit^o  il"iii<.^tU't.     Lateral 
aspect  to  show  densely  setaceous  character. 

i.iaximum  amipunt  of  probability,  for  the  transference  of  the 
organisms  froiii  the  infected  material  to  either  articles  of  fc«al  or 
such  moist  places  as  the  lip,  s,  etc.  As  I  have  already  pointed 
out  (l!t()7),  M.  ihimestica  is  unable  to  pierce  the  skin,  as  certain 
persons  have  suggested.  Thi'  structure  of  the  proboscis  will  not 
l«-nuit  the  slightest  piercing  or  pricking  action,  which  tiict  elimi- 
nates such  an  inocidative  method  of  infection.  It  is  as  a  mechanical 
carrier,  bri<>f1y,  that  .V.  ilumestiai,  and  such  allies  as  F.  cankuliirw, 
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I'tc,  thciiifrh  tci  a  less  (IcgiTc.  iiiiiv  l«.  ius|ionsil>l,.  tin-  thr  spiciul  (if 
iiifc'Ctii.us  ilisc.wr  i)f  ,1  Imcilhirv  luitmv,  anil  lui  account  will  now 
be  >riv,.n  of  the  rCle  which  this  iiisrct  plays  in  thr  dissemination 
of  certain  diseases". 

While  Hies  have  been  shown,  as  the  evidence  arivaiiced  lalii- 
will  indicate,  to  cairv  i)ath..Kenic  and  noii-pathojjenic  oi-f;anisnia, 
especially  the  non-spore-beai-in>;  niicro-..i>,'anisins,  on  the  exterior 
of  their  bodies,  recent  invi-stij;ations,  notably  the  excellent  studies 
of  Graham-.Sniith  (U»()!»-l.'i),  Torrey  (1!M2)  and  of  Cox,  Lewis 
and  Glynn  (1!)Il)),  wonld  apjHar  to  indicati'  forcibly  that  the  car- 
najje  (if  inicr(,-oij,'anisnis  in  the  difrestive  tract' and  iidection 
therefrom  is  even  more  im]Hirtant  than  mechanical  tmnslirence 
on  the  appendaKes  and  exterior  of  the  body.  The  l.mjrer  dination 
of  the  life  of  the  micro-organism  carried  in  the  diK(--stive  tract  of 
a  tly  increases  the  |»,ssibility  of  iidection  either  by  "vianit"  sp.ts 
resulting  from  regiirgitation  la-  by  thecal  spots.  This  important 
as]iect  of  the  pnjblem  will  be  discussed  shortly. 

It  shinild  be  pointed  out  that  whereas  in  some  of  the  diseases 
the  epidemiolofjical  evidence  adduced  in  suppcut  of  t lansference  of 
disease  germs  by  Hies  i.s  eoiiHnned  bacteriologically,  in  others  only 
the  former  evidence  exist.s.  .Should  neither  toriii  of  evidence  be 
available  in  support  of  the  idea  that  .)/.  (hniexlini  jilays  a  part  in 
the  dissemination  of  the  infection  of  a  particular  disease,  ,i  is 
essential,  nevertheless,  that  if  such  a  method  of  transterence  is  con- 
ceivable the  {Hissibility  of  this  insect  being  able  to  carry  the  patho- 
genic organism  should  be  realised.  This  possibility  is  governed 
by  such  factors  as  the  presence  of  .1/.  ihimextim  :  its  access  to  the 
infected  or  infective  material,  this  being  attractive  to  the  in.sect 
either  because  it  is  moist  or  because  it  will  serve  as  f.pod  for  itself 
or  Its  progeny;  and  a  certain  power  of  resistance  for  a  short  time 
against  desiwation  on  the  part  of  the  jathogenic  organisms, 
although,  as  in  the  case  of  the  typhoid  bacilln.s,  the  absence  of 
thi.s  factor  is  not  fatal  to  the  idea,  as  it  may  be  overcome  by  the 
fact  that  the  Hy  is  able  to  carry  the  organisms  in  its  digjstive 
tract  or  to  take  on  its  appendages  an  amount  sufticient  to  resist 

I  ThoUBli  it  .should  \k  unnceessaij,  I  wisl,  lo  explain,  as  I  liiivo  Lctii  oivasioii- 
all.v  miaiimlewt.Kicl  by  mwlical  in™  and  ctlnTs.  that  .V.  dmimtim  is  „„t  i.raiil,.,! 
a»  lieins  'be  cause  of  any  ilisease,  but  as  a  currier  of  the  infection. 
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(Irsiccatitm  fnr  a  shnit  tiiiu*.  Tlu*  liiwt  tiictnr  is  the  jm'st'mv  uf 
N(iital>lt-  cultiiri'  nif<lia,  Hiic-h  as  et'itain  t\»>i\n.  ur  iii(>i.st  siirtaceH  uh 
thi-  imnith.  ryvs,  nr  vvoiiihIh,  tor  th*-  ren-ptinn  nf  the  orj^ainHnm 
which  liiivc  Imtii  earned  in  the  (li^n-mtivi'  tract  or  uii  th*' ImmIv  in* 
appcinla^a'M  nf  tht*  fly.  If  thi-sc  coiulitinnN  an*  witistifd  the  jxwHi- 
hility  of  i\f.  dtimentiva  or  its  atlicH  ])iayiii^  a  |t;iit  in  tht-  tmnM- 
fcrt'iicc  of  thf  iiitcction  should  be  carefully  consiilered.  and  this 
anjf^ostive  «'j  circumstantial  evidence  will  be  diMcuMHed  in  certain 
of  the  diseases  which  follow,  in  additi<ni  to  the  epide?uio|ojfical 
and  bacteriolo^cal  evidence. 


Historical. 

There  is  no  doubt  that  if  a  can-fiil  search  were  made  in  old 
writings  many  references  would  be  foun<l  attributing  inihealthy 
conditions  to  the  presence  of  Hies.-  The  idea  is  a  very  old  one, 
the  scientiric  examination  and  experimental  prctof,  however,  is  of 
comjwratively  recent  date. 

Mercurialis  in  1577  (ipioted  by  Xuttall),  believed  that  Hiea 
carried  the  virus  of  plague  from  pereons  suffering  from  the  disease 
to  the  f)M.d  of  healthy  people.  Kiley  (1910)  refers  to  an  early 
and  remarkable  statement  of  Kircher  who,  in  his  Scrutiinum 
PhysirM-medivum,  published  in  Rome  in  l(i58,  siiid  :  "There  can 
be  no  iloubt  that  flies  teed  on  the  internal  secretions  of  the 
diseased  and  dying,  then  Hying  away,  they  depo.sit  their  excretions 
on  the  food  in  neighbouring  dwellings,  and  persons  who  eat  it  are 
thus  infected."  Kircher  attributes  this  theory  to  Mercurialis. 
Sy<le!iham  (IGtiti)  considered  that  if  swarms  uf  house-flies  were 
abundant  during  the  summer,  the  autumn  would  be  unhealthy, 
although  Holscher  (1848)  disagi-ced  with  this  idea,  f'rawioi-d 
(1808)  believed  that  insects  in  a  general  way,  especially  house-flies, 
acted  as  disseminatoi"s  of  disease.  Leidy  (1871)  declared  his  belief 
that  hoii  ie-flies  were  responsible  for  the  spread  of  hitspital  gangrene 
and  wound  infection  during  the  American  Civil  War  and  re- 
affirmed his  convictions  in  later  writings.  In  1871  Lord  Avebury 
caUed  attention  to  the  habits  of  flies  which  alight  on  decomi)osing 
substances  and  cany  impurities  especially  the  .secretions  of  un- 
healthy wounds.     Rather  than  regard   them  as  dipterous  angels 
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(liuifing  atti'iiilaiici-  in  Hyyiiii.  Ii>' "iiiil  wi' nIhuiIiI  liHik  ii|»>ii  tlum 
lis  wiii>;t<l  s|)..iij;i.s  s|ji(ii(liii|,'  hltliiraiiil  iliitliir  t.>  oim  mil  llir  liml 
bi'hisis  iif  ri.ntiini.iii.  .Many  Hiluis  liav.' nilliil  altrntiixi  In  the 
jfincnil  tiicts  anil  iilw.  thi'ir  ciiniH'Ctiini  with  s|)ii-iKc  ilisraws;  tht> 
latter  iiiithi  nil  it's  will  !«■  nirnliiiiii'ii  in  iiiiisiili'iin^r  tlii'  varinim 
ilisi'iLsi-M.  ()tthi>  liinnii-  thr  lullmving  may  In-  iiH'nlii.niil :  Hi'wbihi 
(IH71),  C'iiIiIhiIiI  (IH7II),  M.Krnn  {IHir,),  Liil,uulli,.|K.  ( IHT.i),  Whit.^ 
(1H80),  SlatiT  llSHI),  (irnsM  ( lHH:t),  Taylur  (iHNi),  .M....rv  (IH!I:|), 
Ciiplin  ( l«!l!l),  I'aikiT  ( 1!I02),  Martini  (1004).  iJi  igiy  (1!HI7|,  Sett 
( IIIIH)),  Sliinnvr  ( IIMMI)  anil  .itliiq-s  (sci.  Bibliography). 


.METHiiIM    IIV    HIIIIH     Bai  TKRIA    ARK    SI'llKAII    IIV    Fl.lKS. 

In  iliscnssing  the  ri'latimi  uf  hiaisi-tlii's  in  ili.M.ase  the  varimis 
inethiKls  liy  which  they  are  able  tn  ilistrilinte  the  |)athi.jrenie  anil 
ether  bacteria  must  be  buriie  in  niinil.  It  has  generally  been 
nniK'ixtiinil  that  the  mechanical  translerence  el'  liacteria  anil  nther 
mici-ii-iirganisms  im  the  e.vteriur  »(  the  Hy,  that  is  mi    its  IhkIv 

lUiil  ap|MMiilages.  was  suHicieiit  tu  accimiit  fur  the  ilistribiiti f 

iiitectiiiii.  In  the  e.xixriiiiental  eviilence  which  is  i|iii>teil  in  the 
siicceeiliiig  sections  this  assumption  liiui  generally  been  maiK'  by 
the  iiivestigjitors.  Now  while  this  is  true  in  many  instances,  then- 
is  very  strong  eviilence  ileri\eil  trom  careful  e\|Hiimeiits  that  the 
info'tion  from  the  e.xterior  of  the  fly  Is  tiir  from  being  the  sole 
methoil  of  bacterial  ilistribiition. 

Flies  which  freipieiit  infectious  matter  not  only  inevitably  con- 
taiiiinate  the  exterior  of  their  buily  anil  their  ap|M'iiilage.s,  but  by 
feeiling  u[)on  such  matter,  which  is  one  of  thi-  two  reasons  (or  their 
visiting  it,  they  take  the  bacteria  anil  other  organisms  which  it 
contains  into  their  alimentary  tracts.  In  coiisei|Uence  the  crop, 
the  stomach  anil  the  intestines  become  the  temjiomry  resting 
places  of  the  bacteria.  In  the  gut  of  the  fly  the  micro-organisms, 
especially  those  of  a  non-sjuin-proilucing  kinii,  will  naturally 
remain  in  a  viable  coiiilition  tor  a  consiiler^-bly  greatiM-  length  of 
time  than  on  the  expiweil  external  surface  of  the  insect,  anil  the 
jK'riiKl  ihiring  whicli  infection  may  be  ilistribiiteil  will  be  leiigth- 
eneil.  In  treating  of  the  various  pathogenic  organisms  I  shall 
have  occiuiion  to  i|Uote  many  instances  of  the  last  fact. 
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Froin  th.'  K"t  "•  lli<'  Hy  tli.'  iiill'etii.n  iimy  be  ilintrilmtc<l  In 
tw(p  \vuy»,  lithir  fniMi  tlu>  iiiuiith  m-  limn  thi-  umum.  In  ilcM-ribiii^; 
the  iiH'thiHl  lit'  h-i'iliiij;,  thr  habit  which  flii's  hiivi-  nt'  ri'jfuijp tilting 
thi'  I'ihkI  anil  ili'|KiKitin>;  thr  liqiiiil  in  thi'  funii  uf  '■  vomit  K|)<it»  " 

wiiH  mintiii I.     Such  vuniit  »|)iits  may  ilistribuli-  mitTip-iiixaiii»m» 

takrn  up  with  thi'  I'iukI.     AImo,  ilurinj;  the  act  iif  ti'i'iliiijr,  niicro- 
nrjjanisnis  iiriviimsly  alwmlK'il  whrn  ti-i'(linj(  nn  inti'i-ti'il  mattiT 

may  U-  ili'|Hwitei|  by  thv  |)iiibiisci».     InU'i-tiim  fi i  thv  anus  may 

taki'  pliu'r  by  nii'iniH  nt'  intirti'il  tiireal  matti'i-.  sii  prnniisciuiUHlv 
(lr|)iisitt'il  as  "  tiy  H|)i'cks." 

A  niiiBt  thiiriiuKh  anil  vahiabli'  sciii'»  nt'  i'X|i<'i'inii'nts  with 
n  vii'W  til  aacritainin^j  tlu'  |iiw.sibilitir»  nt'  thi-  iifiiivmi'ntinnril 
nirthiKls  nf  ilistribiitinj;  int'yetiim  has  brrn  cnnihictcil  by  (iraham- 
Smith  (1!M(I-13)  in  rniniuctiiin  with  the  I^Kal  (invi  rnniont 
Biianl's  ini|iiiiy.  Tho  im|xiitanLv  of  this  aspict  of  thi-  pioblini 
warrants  mv  iiuntinj;  thr  ri'sults  nf  his  nxpfrinmnts  snnii.'what 
fully. 

Thr  j,T<atir  [mssibility  of  non-»|x)re-bi'arin),'  bacti'ria  surviving; 
in  the  jfut  nf  thn  Hy  than  nn  thi'  nxti'rior  and  also  prnbabli'  in- 
fi'Ctinn  by  the  prnbnscis  worn  shown  in  his  expiTinients  with 
Hacilliis  eiiteii  '/.«  ((Janrtnir).  It  was  shnwn  that  H.  mterititlix 
may  lie  presn".  n  the  cnntents  t^i  the  cmps  and  intestines  of  tlies 
for  at  least  s  .'  ii  days  after  infection.  Flies  can  infect  plates  over 
which  they  walk  for  some  days  (seven  (lays  in  thi'  i'Xi)criment)  in 
spite  of  the  fact  that  th<'  organisms  can  be  seldom  isolated  frnm 
their  lej;s  (once  in  32  cultures).  When  walking  over  the  culture 
plates  flies  ennstantly  place  their  inoboscides  on  the  medium  and 
in  must  cases  leave  imjirints  nn  its  surface.  The  cnlonies  of 
bacteria  develop  round  these  marks.  As  (iraham-Smith  points 
out,  the  infection  of  the  plate  is  probably  due  to  inoculation  bv 
the  [noboscides  nf  the  ffies. 

The  sime  investigator  in  another  series  of  experiments  utilised 
HiicilliiH  iiiodigiuHiin,  which  was  chiwen  nn  accnunt  of  its  iK'ing 
ea.sily  cultivated  and  identified  on  plate  cultures.  Further,  it 
seemed  likely  that  its  results  would  give  some  infnrmatinn  ;is  tn 
the  behaviotu"  of  other  non-s|)nre-beanng  nrganisins.  Kx|)erimi'nts 
nn  the  duration  of  lite  of  B.  f>rudifflonK8  on  the  exterior  and  in 
the  ainnentnry  tract  of  tiies  showed  that  this  organism  may  remain 
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•i\n<-  on  tl...  Ii^rs  u,„|  wi,|^  (,„.  ,„  I,.,,,,  1^  |,,,|,|^  ^^,.|^,|,  ,,,„,|j|  ,  ,1^ 
.•xci.pti,,,,,,!  ,„»...H  i,  „,uj.  ,,,„am  aliv  l,,,,^..,-.  In  tl„.  ,.,„„.,„,  „, 
th,.  erop  „n.l  ,nt..,lin,.  an.l  .n  .1,,.  p,„lH,^,s  ,,  i,  p,v«.nl  tnr  (;,„,■  ,„■ 
hv,.  .lay,  aft,.,-  uhich  .in,.,  it,  „,„„|„,,.,  ^ra.inailv  ,li„,i„i,|,  ,„„| 
aft.T  I,   ilavs  th..  iiiltiir..,  yi,.|,|,.,|  ,„.«ativ..  ,v,„|'t». 

A  c-ar..t„l  ,..,i,.,  „f  ,.x|„..i„„.„t,  will,  a  vi,.«    to  ,l..t..,„,ini,i,, 
wh,.tl,..|.  H.  ,,ro.t,:/iu^„.i  „,i,llip|i,.,|  in  ,|„.  ,.,„,,  „,,,„.a,,.,|  ,„  |,„||,,„,. 

that  ,,„  ,„„it,pl,cati.a,  tak..s  piac...     In  thi,  ..,„„ ,i„„  i,  ,„„,.  i„, 

.vM>a,-k...l  that  Xi,-„ll  (I!.ll),  t„  «h„»..  ..xp.n,„..„„  ,...(;.„.„,,.'„.il| 
«■  .„H<I..   lat,.,.,   K„.I.H  that  c...|tai„  .,1  th.-  ....n-lact.^,.   l,-,-„„.„ti„,, 

l-aetma  app,.a,-  t.,  l,.-  ca,«l,l..  „t  ,„„l,ip|.vi„g  i„  ,h..  in„.„i ., 

thf  ny. 

Th,.  ..xt.iit  t.,  which  the.  |H.i->is,i.n, f  //.  /„-„,/„,„„„,  .,,,,1  „„ 

'l..nht  „th..r  Lactviia  ..(  lik.-  .hat-a.-t.-,-.  in  th.-  Ia..car,l,.,.,s'i,s  ,h-,t 
IH,  th..  ,„(,.et,vity  ,.f  th..  Hit.»  in  thi,  ,-,.»,,....t,  i„  „Hi.,,„|  1,;.  ,l„. 

c.ha,-ac-t..,-  „f  th,.  ti„^l,  i,  shown  l.y  a  .,..,.i..»  „,  ..x,».,.i „„  „,  whi,.h 

th.-  (a..,.,.s  t,-„n,  in(l-ct..,l  Hi,.,  which  ha,l  1,,.,.,,  (,.,]  „„  ,„iik  ,„, 
m,.l  sp„t,„„  w..,.,.  ,„lK,,.t,.,|  at  va,i„„,  ,H.,-i.„l,  an,|  ,.„|,„n.,  n'.ad, 
B.  ,,rud,iium,H  was  n„t  n-cv,-..,.,!  alt.,-  -ix  I,,,,,,-,  f,-,,,,,  th,-  ti,.-e,.s  „l 

Hi,.,  t,.,l  ,M,  spntnn,.     The  ti.,.c-.-s  „f  Hi,-,  f,-,i  .,„  ,„i|k  e.,nta ,|  th.- 

hifU.ria,  that  is,  w..,-,-  inli-ctiv.-,  i;,r  „-v.-n  ,|av,an,i  th.,,,-  „f  rii,-s  tl-l 
on  syrup  tor  tour  .lays  aa,-r  f,-,.iiinK, 

Th,it  inf,.i-t..,l  Hi,.,  will  int;.(.t  l..,th  li,pii,l  aii,l  ,oli,|  too,l  u,>ai 
which  th,.y  ti.,.,1  was  shown  l.y  i;.,.,|i„^r  Hi,.s  artificially  inlLctcl 
with  H.  ,irmh;i,om$  an,l  also  H.  /.i/na/aneN-s  on  milk  aii,i  with  th,- 
(.inner  orjranisn,  „„  suffar.  It  was  ,hown  that  Hi.-s  i„f,.,.t,.,l  with 
thcf  noii-,|x.r,.-pro,lueinjr  orsaniMn,  wer,.  abl,-.  bv  a.,.,linK  uimn 
It,  to  contaminate  milk  Cor  t,-n  or  ..|,.v..n  ,lav,  '(in  the  e.J  of 
B.  pru,l,!,,.m,s).  That  th,-  contaniinatioii  wonM  apiH-ar  ,„  hav.- 
been  ,ol,.|y  fro,,,  th..  alin„.ntary  tract  or  proboscis  was  shown 'by 
the  hict  th.it  th,.  organism  {B.  ,>mti,,loH„,)  coul.l  not  b,-  ciit'tmLted 
from  the  limbs  of  the  i„f,.cte,l  Hi,.s  ,.|,.v,.n  ,lay,  aft,.r  infection, 
alth,.iigh  th,.  limbs  wi.re  h,.avily  cutaminat,.,!  .„>  th,.  „.co,i,l  ,lay 
After  feeling  Hies  on  sjTup  intecte,!  with  H.  pr„ln,l.,„„,  jt  was 
shown  that  th.-y  coul.l  intict  sugar.  I,y  l„.i„g  allow,.,rto  f,.,.,|  „|^.n 
It  subsequently,  f.,r  at  least  tw,.  ,lay,. 

Flie.s,   wh.-n   unusually  hiingiy.  will    s„ck  at   th,.  ,l,.,v,sit..  .,( 
other  fli,.s  which  they  may  fin.l,  in  the  same  way  that  th,.y  will 
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»u<-k  lit  (Iriiil  iriilk  BiHitM.  anil  it  was  shMttii  that  cl.a Tiiiiliiti'il 

fliiw  will  iiilict  ihiinwivis  I'naii  tlir  ili|i..sitK,  bntli  llirral  ami  vmiiil, 
"f  inli'ctiil  Hii'H.  Thi'  clfnii  tlirs  will  waiiitiiiM's  iiihct  lluiiiwlvcs 
Inmi  till'  \iaiiil  m-  liiifi«  ili'innitid  liy  iiillrliil  Hiis  «  \iial  ilnyx 
nt'ti  r  intirtinii,     In  im  ciisr  wiiv  tlii'  linib»  >•(  tlir  Hic>  iiil.itiil. 

Thi-  Hj   ill  the  milk  i»  iiiihuliiiNiti  ly  an  iicriimi altujrithir 

ti"'  <• niiMi.     The  iiifirtiini  ..f  milk  liy  the  iiiiiii.'i-sicni  u\  iiifi-,-i,.| 

"Iw  was  shiiwii  by  Uiahaiii-Siiiitli  in  his  rx|)<iiiiiiiils.  in  which 
/y.  prixlitiwHiis,  II.  iii/iiciidiieiis  iiiiil  a  pink  Ciuriis  »ir.>  n«i(l,  u,  1m' 
|i..ssil)lc  till-  as  l.iiijf  a  H'riiHl  as  74  hours  at'tiT  ili.'  tliis  hail  I'.-ij 
U|Hin  ihi'  infictid  iiiiittiT.  "'hi'  niiciii-ianatiisnis  w.  n-  usually  tn 
hi'  t'niinil  in  the  (rcr|)H  i.r  inti-.  final  i-nntinis  erf  the  this  ilnrin^; 
that  [M'l'iiMl. 

Kx|>i'rimiMits  almiK  similar  liins  wiri'  wirriiil  cnit  with  hli.w- 
W\is{l'oUiphimi  eiiithnireplniUi)  \\\m\\  wi-rr  alili'  ti.  |iichIih-i'  jji-nss 
infi'Cticai  with  mai-siHjri'-lii'arini;  liiictrria  {II.  jirdiliiiiiisus  anil 
Jl.  fii/ifCf/itneif^)  for  six  tn  ninr  ilavs. 

'I'hf  tiinx"inK  i'X|)iriinpnt«  clearly  imlicntc  the  iimnnir  in 
which  and  extent  to  which  infecteil  flics  may  infect  milk  anil  su^ar, 
and  no  doubt  other  IoikIs  coritaininfj  these  ingredients,  by  feeding 
u]ioii  them.  They  also  demonstmtc  the  more  serious  nature  of 
such  inf'eetion  coin|iareil  with  infection  by  means  of  the  limbs  or 
biwly  owing  to  the  infective  organisms  jiersistiiig  for  a  much 
greater  length  of  time  in  the  alimentary  tract  of  the  fly. 
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In  addition  to  the  direct  mode  of  transference  of  the  typhoid 
bacillus,  by  mechaniad  means  or  by  feeding  on  infected  material, 
some  experiments  of  Fiiichnie  (1!I()!J)  indicated  what  may  be  a 
still  more  imiHirtant  means  of  disseiiiinatii>ii.  He  believed  that 
one  of  the  must  important  sources  of  tiy  infection  was  from  Hies 
breil  ii>  tmteric  excreta  ;  such  insects  thereby  b**came  carriers  of 
bacilli  for  the  remainder  of  their  lives,  spreading  the  infection 
chiefly  by  means  of  their  excreta.  They  were,  in  fact,  typhoid 
"  carriers." 

On  August  12th,  HtOit,  thri'e  ounces  of  faeces  infected  with 
S.  ti/phosiiH  weri'  placed  in  a  box  of  earth  and  covered  with  a  wire 
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riij;..  intn  which  alM.iit  ;«t  Hi.«  »ito  hlwrjitid.  Thi  •»  Hh  ■.  iljiil  in 
II  iliiy  III-  l»n.  Imt  nil  Aii^'iiKt  ilith,  tniiiiiiii  ilavs  liilvr.  ii  ^inj;l.  ll\ 
hiitchiil  anil  twrlv..  fiivs  i'iiiir>{i'il  i.n  ihi'  ilav  I'lill.miiij;.  Tht!  Ih)x 
'■t  larlh  wu»  now  ni)liici'i|  hv  a  shriliwil  i  arlhriiwari'  plati'.  anil 
the  wiiM  CM),'.' wan  I  f,,r  a  l»'ll-sha|M'il  iiM>w|iiit<<  iii't.     'I'hi- 

HicK  wire  ti'il  ii|i...  ,..,,ir  ami  water.  On  Aii^jiist  2tiili  ..im  Hj. 
a  (lav  ..III,  1  a»  i'hl..r..r..riiii'.l  anil  transtixiil  willi  a  iv.|.|i,.i  ihiill.': 
it»  lii«ly  wii!.  H.ini.'il  (i..'.  »iiij;.i|)  an.l  it  wan  |iiit  int..  a  lii.ttli'  ..f 
Nti'iiii-  Milt  »..liiti..ii.     Ali.T  sliakiiij;  u|i.  I  .-..•.  ..f  ihn  >..l.ili..ii  was 

put  int..  MiC.iik.'V  l.i-..ili  whi.h  iviiiaiii.-.l  iiiicliani;ci|  l'..i-  4H  I rs. 

'I'hi-  tly  was  ijii'ii  iT.ishi.l  witli  a  .^liiilc  ir|„„.„  ,-,,i|  nri.l  a  (jii.p 
plale.l:  thi»  jjiuv  /;.  (.////,...„».  till  AiiKiL-t  27lh  (i.iir  ..ih.-r  lli,.s 
«.Ti- similarly  tn-ali'il ;  tli.'  (■..iilr..l  ..vp.rini.'iit  in  MH '..nk.'y  was 
ii.'>;ativi'  lint  /(.  ^//)//o».,.^  was  ..l.taincl  rr..iii  tli.'  iTiisli,,!  tlii's. 

Similar  ivsiilts  wciv  ..l.tain.'il  ..n  S.-ptiiiil.fr  :lr.l  fr..iii  tw..  «iv- 
.liiy  ..III  tli.'s  anil  i.n  S.'pt.'inlii'r  lith  ('ri.iii  Iw..  nin.'-.liiy  ..jil  tli.-s 
triaii'il  in  th.saini.  maiinir  (In  Sepi.^inbrr  IDtli  tw..tlii'-.  thirli^i'n 
.lays  i.l.l.  wi-if  plai-.-il  in  a  si.ril.'  Is.ltlr  l..r  24  li..iirs  ..1..I  th.ii 
ivmi.nsl  The  Imltl.'  was  wishcil  ...it  with  salt  s,.|Mti,,ii.an.l  tr..iii 
this  H.  Ii)i>Ihih,ix  was  rci-iiviTi'il.  The  two  tlies  wnc  tiii'ii  criishi'ii 
in  salt  siilutiiin.  nut  haviii)»  Is'in  Hami'il,  anil  li.  tii/ilmsHs  was 
i.l.taim-il.     On  Si-ptiinliiT  |:)th  a  sixteen-ilay  .ilil  Hy  was  plawil  in 

a  stirili'  l)..t',l.    r..r  half  an  hi.ur  anil  thru  n- veil  ■  tw..  ilp.ps  of 

.■xiTiMiifnt  wen-  visililc  and  from  st.rili-  salt  solution  which  was 
addiil  B.  ti/iiliitsiix  wius  ..htaini'il.  This  Hy  was  Hamiil  anil  cnished 
and  thi-  Imcilliis  was  r.'eovori'(l.  H.  t;iiihi>sii.i  was  not  icmv.Twl 
from  another  sixteen-day  old  tly  similarly  treated. 

A  sec-oiiil  series  of  expiTiuients  was  earried  out  with  the  faeciM 
of  a  man  sutiering  from  pariityph..i.l  fever  (/<.  iiiiriitiiiiliiiHiin  A.), 
the  diagnosis  having  l)een  made  by  a  blisul  eulture. 

On  Augii.st  22n.l  two  .ainces  of  liipn'd  tiieees  infeit.il  with 
li.  iMrtiti/iiliiaHx  A.  were  put  into  a  box  of  earth  and  alioiit  thirty 
Hies  were  allowed  to  feed  on  it,  ete.  In  a  day  or  two  they  died 
..wing  to  the  absence  uf  water.  On  September  1st  one  Hy  hatcheil 
out;  on  .September  .Sril,  12  Hies  were  seen,  and  on  that  date  the 
earth  was  replaced  by  a  sterile  plate  as  in  the  pri'vious  .■xp.'riminU, 
On  September  Ist  one  Hy,  one  day  old,  was  examined  as  Is't'ore; 
the  MeConkey  broth  control  was  negative  and  after  Ix'ing  Hamed 
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imd  crushed  II.  jxiniti/pliiiK'in  A.  wiis  iil)taiiiL'd.  Siiiiilai'  results 
were  iibtiiiiied  tioni  fiiur  Hies  examined  mi  September  3rd.  On 
.Se[)teinl)er  lOtli,  thri'u  Hies  each  seven  diiys  ulil  were  placed  in 
!i  sterile  bottle,  and  from  their  excrement  B.  imnitijiihu-iiix  A.  was 
recciveied:  the  flies  were  thiMi  examined,  the  .MeConkey  Imith  test 
was  negative,  and  the  bacillus  was  n.'covered  from  the  ciiished  Hies. 
On  .September  10th.  a  Hy  ten  clays  old  was  examined  but  the 
bacillus  was  not  re'covered  ;  it  was  ri'covered,  however,  from  two 
other  Hies  also  ten  days  old. 

From  these  experiments,  which  Faichnie  appears  to  have  care- 
fully carried  out,  it  will  be  seen  that  out  of  thirteen  Hies  bred  from 
a  typhoiil  stool  six  at  least  contained  li.  tiiplnhsiiH  in  their  intestines, 
and  the  bacillus  was  lecovered  from  the  excrc.nent  and  intestine 
of  a  Hy  sixteen  days  old.  .Similarly,  from  a  piiratyphoid  stool  at 
least  four  Hies  out  of  eleven  contained  B.  jtiiratif/iho-iKx  A.  in  their 
intestines  and  in  each  series  of  experiments  (jne  Hy  only  was  found 
not  to  contain  the  bacillus. 

He  also  found  H.  fi/iihii-tii-i  in  Hies  from  Ljihore,  once;  from 
Kamptee,  twice;  from  Nasirabad,  once  in  flies  from  the  bungalou 
of  an  otficer  who  had  enteric  fever,  and  once  from  Hies  in  the 
officers  mess  there;  from  Xowg4jng,  twice,  once  in  flies  from  the 
Koyal  Artillery  CoB'ee-shop,  and  again  in  Hies  from  the  trenching 
ground ;  making  a  total  of  nine  times  in  three  months.  Except 
in  the  case  of  the  Hies  from  Nasirabad,  two  Hies  were  always 
Hameil  iiefore  ex.iniination,  and  a  control  of  the  washed  Hies  was 
taken  before  crushing,  so  that  there  is  no  doubt  that  the  bacillus 
was  actually  in  the  interior  of  the  Hy  most  probably  in  the 
intestine. 

Sunmiarising  the  conclusions  reached  as  the  result  of  his  first 
series  of  experiments  (IHOil)  carried  out  at  Kamptee,  he  says: 
'•  Fxperience  seems  to  show  that  infection  conveyed  by  Hies'  legs, 
natural  though  it  may  appear  to  all  froiri  experiments  carried  out 
to  prove  its  [jossibility,  is  not  a  eounuon  nor  e\en  ,1  considerable 
cau.se  of  enteric  fever.  On  the  other  hand  infection  by  the 
excrement  of  Hies  bred  in  an  infected  material  exi)lain8  manv 
conclusions  previously  iliflieidt  to  .accept.  In  a  word,  it  is  tie' 
breeding  gi-ound  that  constitutes  thi>  li.uiger,  not  the  ground  wheie 
the  Hies  breed. " 
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(l.MM  ..p,«,,^  t.,  ,„„ve  co„,.lu»iv.ly  that,  this  bacillus  if  i„j;e,t.d 
lunns  the  lanal  l.f.  „f  J/.  ,lo„...tl,u  is  abl..  t„  .vtai,,  i„  ..iCv 
'lurinK  the  eo.uph.x  eh,.„Kes  aco,„upanyi>,s  n„.ta,uar,,husis  a,„l  tu 
™..t>„u,.  ,ts  extstenee  i„  th.  gut  uf  th.  a,l„lt  Hy  after  en,e,....,Kv 
Irmu  the  pupanuiu.  He  ,,„i„t.s  „ui  that  the  Hies  i„  Faiehnies 
expernnents  may  have  .-e-iufeote,!  theuuselves  l.v  (ee.ii„fj  „„  the 
c...,ta,u,„ate,I  ...aterial.  To  avei,l  the  p„ssii,ilitv  ,„■  tht  iu  his 
expen,„e„ts  the  pupae  were  sterilise,]  an.l  plaee.fin  clean  san,!  in 
c  e„n  tubes  (.™,„,e„ting  „„  Bacufs  experiments,  Le.linghan, 
states  ■„  a  f„„t.„„e  that  he  has  suecessfullv  is„|ate.l  IS.  ^X 

A  1  chances  of  external  .nfection  fron,  the  ex,e.,or  „f  the  pu'^riu.n 

e  retnoved  by  the  careful  n.eth.xl  he  devise,!  ,>f  .-xa.n.nLg  th,- 

acten,  I       ,ten.  ,.f  the  pupal  interior.     Th,.  pupariuu.  »as\e  I 

Lghtly  between  the  left  thun,b  and  toreHnger  so  that  its  blunt 

x.re,,nty   was    tree.      Th,.   extre.nity  was   s,.are,l    by    n.eans   ,  ■ 

a  sn,al   searing  „-„n,  a,„l  at  the  san,e  tin.e  Hattene,!.     It  was  th.., 

p.erce,l  by  a  hne  capillary  pipette  controlle,l  bv  a  rubbe,-  teat 

ri,,.  pupal  contents  are  stirre.l  up  by  th,.  extren.ity  of  th,.  pipette 

an    hnally  ,lrawn  up  tnto  th,.  tube  whenc  they  -I-  .s,|uirt,.,l  .,,  to 

cultur,'  plates. 

In    a    later  pap,.r  Le,lingham  (l)»ll|  has  carried  his  invvsti- 
gat.ons  still   further,  an,l  shows   that  although  B.   <™/,„.v„v  w-ts 
supplied  in  consi,leral,le  ^uantitie.s  to  th,.  larva,,  of  M.,l,„ne,Ha, 
all  attempts  to  demonstrate  the  bacillus  in  the  pajM,.  or  r,.s„ltinc: 
adult  riicH  were  unsuccessful  until  reeou.*  was  ha,l  to  the  disinfe" 
t.o .  of  the  ova.     Alt.r  this  preliminary  ,lisiiit,.ction  both  larvae 
an,i  pui„M.  gave  pure  growths  of  li.  (,;;,/,„.,„.,.     The  author's  chi.-f 
conclusion  app,.a,.s  to  b,.  that  the  typhoi,!  bacillus  can  l,.a,l  onk- 
a  very  precarious  existence  in  th,-  interior  ,>r  the  larvae  or  pupae 
which  possess  api^rently  a   w,.ll-deHne,l   bacterial   Hora   of  their 
"«•".  -  N-eoll  a'MU  has  ....ciitly  shown.     In  th,.  exp,.rim,.nts  i, 
«as  not  really  pos.sibl,.  to  ,letermine  wheth..r  th.-  //.  ^,/,/„„.„.,,  ,hou,;|, 
.vcoverable  from  ,h,.  pupa,.,  was  in  fact  activlv  multiplying  in  (|„. 
pui«.l  ."t,.rior  or  gra,lm.lly  ,lyi„^  „„,.     ^here  was  som,M„dieatioii 
that   th,.   latter  was  the  ca.se.  as  the  typhoi.l  coloni,.s  r,.covere,l 
trom  the  pupa  m  th,.  one  suc,.,..s.sful  instanc  w.-ie  extn.„„.U  r,.w 

l.-.-J 
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ill  nuiiibcr.  while  the  larvae  which  had  been  feeding  on  B.  ti/phoata 
contained  enonnous  numbers  of  the  bacilli  an  both  cultural  and 
microscopical  study  dennmstrated. 

(Iniham-Smith  (1!H1)  carried  *>ut  cxpeHnicnts  on  Hits  bre<l 
from  artificially  infrcted  larvae.  He  used  the  blow-Hy  GtdUphora 
erythmcfphtda  and  fed  the  larvae  on  meat  infected  with  the  anthrax 
bacillus.  These  experiments  gave  results  of  a  positive  character 
and  are  described  in  a  later  chapter  on  anthrax. 

In  i\  further  re|K>rt  (traham-Sinith  (1!U2)  finds  that  cff  the 
non-spore-prfwlncing  organisms  oidy  those  which  are  adapted  to 
the  conditions  prevailing  in  the  intestine  of  the  larvae,  such  as 
Morgan's  bacillus  antl  certain  nou-!act(»se  fermenting  bacilli  survive 
through  the  metamorphosis  and  are  present  in  the  adult  fiies. 
Such  organisms  as  Hiictllu.s  tjtfiho.\iis^  H.  ei'ten'ti<lts  au<i  B.  fn'<nfi- 
tfittKiifi  nirely  survive. 

More  recently  Tebbutt  (1!»I2)  h,.s  found  that  such  pithtfgenic 
organisms  as  BuciUus  dysenteriae  (ty[>e  "  Y')  cannot  be  recovered 
from  pu|tjie  or  Hies  reared  from  larvae  to  which  these  (trganisms 
have  been  administered.  When  larvae  which  have  been  reared 
from  disinfected  ova  have  been  fed  on  ii.  dysenteriiie  (type  "  Y  ") 
the  organism  is  rec«»vered  in  a  small  propn'tion  of  cases  from  the 
l)upae  nnd  Hies.  Under  similar  conditions  B.  typhosus  was  n(»t 
recovered.  Further  ex|M'riments  appeared  to  inclicate  that  the 
process  <»f  metamorphosis  is  accompanied  by  a  considerable  de- 
struction of  bacteria  present  in  the  larval  stage.  Tebbutt  believes 
that  there  is  b\it  a  remote  jjossibility  of  Hies  becoming  infected 
from  the  presence  of  pathogenic  orgjinisms  in  the  breeding  ground 
of  the  larvae. 

Xevertheless.  it  would  appear  that  the  experiments  which 
have  been  described  demonstrate  the  possibility  that  Hies,  bred 
from  larvae  which  have  bred  in  infected  matter,  may  carry  infec- 
ti(»n  intenially,  and  the  practical  significance  of  these  results 
surely  needs  no  explanation. 


CHAPTER   XXI 


THK  CARHIAOK  OK  TVl'HOll)    KEVEK   HV   FLIES 

Of  all  inti'Ctidiis  diwasi's  the  eoiiditicms  iiieiilnital  l.>  this 
di.si'asi'  ari'  most  tav.nii-ablr  („r  thv  tmiist'LTCiicc  cif  iiilreti.m  liy 
M.  domesiica,  anil  it  i.s  no  ilmilit  ..n  this  account  tliat  thi-  frivali-st 
attention  has  born  paid  to  the  rule  of  liiius.-flics  in  tho  dissoniina- 
tion  of  this  disease.  The  chief  (iivourable  condition  is  that  the 
typhoid  baciUns  ixrcui-s  in  the  stools  of  typhoid  ami  incipient 
typhoid  and  " carrier"  cases.  Hnnian  excri'nient  attracts  Hies  not 
only  on  account  of  its  moisture  but  :us  suitable  food  for  thi-  larvae. 
The  infected  excrement  is  often  very  accessibli'  to  Hies.  I'sjH'cialiy 
in  military  cam|)s,  as  will  be  shown  shortly;  the  Hies  also  frequent 
articles  of  food  and  not  infrecjuently  the  moist  lips  of  man.  .Such 
are  the  conditions  most  suitable  for  thi'  transference  of  the  Isicilli. 
and  it  is  on  account  of  the  frecpient  coincidence  ..f  these  conditions 
that  flies  can  play,  and  have  played,  such  an  important  r4le  in 
the  dissemination  of  this  disease  amonj;  comnmnities,  in  spite  of 
the  fact  that  the  typhoid  bacillus  cannot  survive  desiccation, 
which  I  think  is  an  argument  ufjainst  its  beinj;  carried  by  dust. 
The  danger  incident  to  the  carriage  of  this  non-sjiore-bearing 
bacillus  in  the  digestive  tract  of  the  Hy  probably  exceeds  that 
resulting  from  ilirect  carriage  on  the  appendages  and  body  of  the 
in.sect. 

The  possibility  of  Hies  becoming  intected  with  BucUIiih  tijitlwHm 
IS  increiised  with  the  frequent  accessibility  of  Hies  in  immbers  to 
infected  materi.-.l.  This  fact  is  most  clearly  di^nonstrated  ii. 
military  and  construction  camps,  and  during  typhoid  i^pidemics  in 
the  slum  and  insanitary  ijortions  of  towns  and  cities. 
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A  now  (liiiiKtr  is  also  added  liy  thi'  disci.veiy  of  typhnid 
■•farriers.'  Although  cnses  of  walking  typh.iid  or  ambulatory 
enteric  fever  have  been  known  for  a  niiiiiher  of  years  and  the 
occnrri'nce  of  chronie  carriers  was  recognised  in  (ierinany,  it  is 
only  within  the  hist  few  years  that  the  attention  of  medical  men 
generally,  in  EnrojK'  and  America,  has  been  drawn  to  this  im- 
portant fact.  The  occurrence  <if  these  chronic  carriers,  who  are 
not  ill  but  continue  to  give  out  the  typhoid  biieillus  in  their 
excreta  and  urine,  is  discussed  at  some  length  by  Howard  (VMl). 
He  i|notes  from  an  im[)ortant  article  in  the  Huxtun  Medical 
ami  Siirrfieal  Juiinnil  and  gives  the  following  (piotations  anil 
cases  : 

"It  is  ..sserteil  by  Kutscher  that,  in  south-western  (lermany, 
direct  contact  is  a  more  important  (actor  in  the  spread  of  tvphoiil 
fi'ver  than  polluted  water,  and  that  about  fmr  pvr  cent,  of  typhoid 
patients  become  chronic  carriers  of  the  specific  bacilli  which  they 
excrete  in  both  urine  and  tiu-ces.  sometinies  for  long  periods. 
Itwrr,  for  example,  cites  cases  re[)orted  by  Drobirand  Hunner,  in 
which  the  bacilli  wen-  isolateil  from  the  gall-bladder  seventeen 
and  twenty  years  after  recovery,  and  Lentz  asserts  that  if  after 
ten  weeks  convalescence  the  excretion  of  the  bacilli  has  not  ceased, 
it  will  most  likely  continue  perm.anently  and  uninterruptedlv,  in 
spite  of  medication.  He  cites  a  number  of  eases  in  which,  after 
ten,  thirty  and  even  forty  years  after  recoveri,-,  the  excretion 
continued.  Levy  and  Kayser  report  that  in  the  autumn  of  lilO.5 
a  nnmber  of  cases  of  typhoid  fever  occurred  in  an  insane  asvliini. 
in  which  two  years  previously  an  inmate  had  had  the  disease  and 
had  recovered,  f  )n  the  ap|)earance  of  these  later  cases  this  [lerson 
was  examined  and  was  found  to  be  excreting  the  bacilli  in  her 
liieces.  Further  examinations  were  made  at  intervals  of  several 
weeks  and  the  bacilli  were  found  ten  times.  Jn  October  IdOli, 
she  died  of  a  typhoid  bacillcry  septicemia  due  to  auto-infection 
troni  the  giill-bladder,  and  on  autopsy  the  bacilli  were  isolated 
from  the  spleen,  liver,  bile,  wall  of  the  gall-bladder  and  from  the 
interior  of  a  la-ge  gall  stone. " 

Nieter  and  Liefmann  report  a  similar  case  occurring  in  an 
insane  asylum  containing  2.50  inmates  among  which  .seven  chronic 
carriei-s  were  found. 
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To  ciiiitinui'  the  iiccoiint  .if  carriir  kisos  : 

"Kliii^'cr  fnund,  aiiKiiig  1700  pn-suiis,  twcniv-tlir.r  tvphi.id 
canici-s,  ranging  in  ago  fr.,ni  cightrrn  months' t„  sixty  yiMi-s, 
lU-vcii  o(  whoni  had  no  typhoid  hislon.  ( »l  SJ-:  i-onvalisicnts 
tioni  tho  disease,  sixty-thn-o.  or  thirteen'  and  one-tenth  per  cent., 
were  Haind  to  he  excreting  the  baeilh,  and  eight  were  still  ijoing 
so  six  wt'eks  after  rucoxerv. 

"Kayser,  traeing  outbreaks  to  their  sources,  tound  a  lioy  of 
twelve  years,  a  nieinber  of  a  niilknums  family,  to  be  a  chronic 
carrier  an<l  the'  probable  source  of  infection  in  a  number  ef  ciises. 
Another  outbreak  in  which  sexcntcen  pers,,n.s  were  seized  (two 
deaths)  was  traced  to  a  woman  who  had  no  tvphoid  history  but 
was  excreting  the  sj^-ifie  bacilli.  She  was  .ni'ployd  in  the'.h.iry 
liom  which  the  persons  .seized  had  obtained  their  milk.  Of  2(iO 
casi's  of  tyi)hoid  fever   investigated,  (iO  were   traced   to  infected 

"""*■     •^" g  llii'  sixty  victims  were  thirty  maids  and  kitchen 

girls,  twelve  bakers  and  forty-IWur  persons  en'gaged  more  or  less  in 
kitchen  work.  Iji  all.  twenty-eight  cas.-s  were  traced  directly  to 
apparently  healthy  typhoid  carriers." 

The  final  case  lecorded  is  probably  that  of  the  now  celebrated 

"Typhoid   Mary."     .Six   veal's  jirevious  to  the  institiiti f  the 

encpiiry  this  woman  appeared  to  have  had  a  mild  attack  of  tvphoid 
ll-ver.  "Since  that  time  there  have  been  undoubtedly  twenty- 
eight  eases  of  typh(jid  fever  in  the  tinuilii's  in  wliich  slie  worked. 
The  number  of  cases  in  a  family  within  a  tiw  weeks  of  her  advent 
varied  from  one  or  two  up  I  six  out  of  seven  members.  The 
evidcaice  seemed  so  strong  i  it  she  was  at  once  removed  to 
li.cption  Hospital  by  force.  E.\auiinations  of  her  faeces  and  urine 
Were  made  and  the  ty])hoid  bacilli  toinid  in  her  faeces  confirun-d 
positively  our  suspicions  (says  the  writer  of  the  aceonntl  with 
regard  to  the  possibility  of  her  conveying  typhoid  fever." 

The  significance  of  the  occurrence  of  .so  laige  a  number  of 
chronic  ciirriei-s  as  these  selected  observations  indicate  is  verv 
great,  especially  when  considered  in  relation  to  the  i|uestion  of  the 
possibility  of  flies  having  access  to  infi'cted  mattei-  under  what  one 
might  call  normal  conditions.  Flies  w(iid<l  have  as  eipial  access 
to  the  infected  tiieees  of  these  unrecognised  "carriers"  as  to  the 
taens  of  a  healthy  person.     P'urther  investigations  arc  certain  to 
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disclost'   a   cunaiflembl*'    iK-rcentiige   of  "ciirrit'i*s"  wlio   arc,   un- 
knowingly, diHtribntors  nf  the  ty|>h(»id  biicilliiM, 


The    hlSSEMINATlON    OF   TVI'HOIII    FCVEK,    ElMDEMlOl-IHilCAL 
AND   (lltt  I'MSTANTIAL    EVIUEN'CE. 

In  (liseiiHsing  tin*  jxtssibli*  methods  of  the  dissemination  of  the 
typhoid  bacillus  in  the  report  on  th<'  prevalence  of  typhoiil  fever 
in  the  District  of  Columbia,  Kober  (1895)  states:  "The  agency 
of  tlies  an<I  other  insects  in  carrying  the  germs  from  box-privies 
and  other  receptacles  from  typhoid  stools  to  the  i\»»\  cannot  be 
ignored";  and  in  discussing  certain  s[)ecial  cases  he  says:  "There 
is  abundant  evidence  (»f  unlawful  surfiice  i)ollution...and  as  tin; 
genus  find  a  suitable  soil  in  such  surroundings  it  is  possible  that 
the  Hies,  which  abound  wherever  surface  |nillution  exists,  may  carry 
the  germs  into  the  houses  and  contaminate  the  food."  Later  he 
states  :  '"A  lurgi-  percentage  of  the  cases  rx-curred  in  houses  supplied 
with  box-privies  which,  ajKirt  from  being  an  important  cause  in 
soil  |>ollution,  are  believed  to  bi-  otherwise  instrumental  in  the 
dissemination  of  germs  chiefly  through  the  agency  of  flies.*' 

There  is  a  very  largV'  amount  of  testimony  given  as  to  the  vole 
played  by  Hies  in  the  spread  of  enteric  in  military  stations  and 
camps, and  especially  during  the  two  wai-s — the  Sjmnish-Ameiican 
and  the  Boer  War.  All  the  conditions  most  favourable  for  the 
dissemination  of  the  bacilli  by  tlies  were,  and  in  many  military 
stations  are  still,  present ;  open  latrines  or  filth-trenches  accessible 
to  Hies  on  the  one  hand  and  on  the  other  the  men's  food  within  a 
short  distance  from  the  latrines.  I  cannot  do  better  than  ijuote 
the  evidence  in  the  words  of  the  witnesses  and  allow  it  to  speak 
for  itself. 

Vaughan,  a  member  of  the  United  States  Arnty  Typhoid 
Commission  of  1898,  states: 

"My  reasons  for  believing  that  flies  were  active  in  the 
dissemination  of  typhoid  fever  may  be  stated  as  follows: 

"  {(i)  Flies  swarmed  over  infected  faecal  matter  in  the  pits 
and  then  visited  and  fed  n\itm  the  foml  prep;tred  for  the 
soldiers   in    the  mess-tents.     In  some    instances  wheie   lime   had 
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recently  been  sprinkled  over  the  cimtents  of  the  pits.  Hies  with 
their  feet  whitene<l  with  lime  were  seen  walking  over  the  tiMMl. 

"(b)  Ofticei-s  whose  mess-tents  were  protected  hy  screens 
siitt'ereil  proportionntely  less  from  typhoid  fever  thiin  did  thosi' 
whose  tents  were  not  so  protected. 

"(c)  Typhoid  fever  griidimlly  diwippeareil  in  the  liijl  ot  IHIIS 
with  the  appronch  of  cohl  weather  and  the  oonsecpient  disabling'  of 
the  fly. 

"It  i.s  jussilile  tiir  the  fly  to  eariy  the  typhoid  liaeillus  in  two 
ways.  In  the  first  place  faecal  mattei'  containing  the  lygihoiil 
germs  inayadheii'  to  the  fly  and  be  meehiinically  transpirted.  In 
the  second  place,  it  is  possibK-  that  the  typhoid  bacillus  niav  be 
carried  in  the  digestive  organs  of  the  fly  .and  ni.iy  be  de)*isiti'd 
with  its  excrement." 

One  of  his  conclusions  was  that  intl'Cted  water  was  not  an 
imjMjrtant  factor  in  the  dissenditation  of  typhoid  in  the  national 
encampments  of  1,S!IS.  since  onl_\  about  one-fifth  of  the  soliliers 
in  the  natii>nal  encampments  during  the  sunnner  of  that  year 
ilevelopefl  typhoid  fever,  wherea.s  about  80  |H'r  cent,  of  the  total 
deaths  were  due  to  this  disea.se.  In  the  latter  connection  SternbiTg 
(I8!){))  refeiN  to  a  re[)ort  of  Heed  upon  an  epidemic  in  the  Cuban 
War,  in  which  it  was  stated  that  the  ei)idemic  ,vas  clearly  not  due 
to  water  infection  but  was  tRinsferrcit  from  the  infected  stools  of 
the  patients  to  the  food  by  means  of  flies,  the  conditions  being 
especially  favourable  for  this  means  of  dissemination. 

Sternberg,  as  Surgeon-General  of  the  t'.,S.  Army,  issued  the 
following  instructions';  "Sinks  shouhl  be  dug  before  a  camp  is 
occupied  or  as  soon  as  practicable.  The  surface  of  the  fai'cal 
ni.itter  should  be  covered  with  fresh  earth  or  quicklime  or  ashes 
three  times  a  day." 

I  think  that  the  instructions  of  that  ancient  leader  of  men, 
Moses,  who  probably  had  experienced  the  effects  of  flies,  were  even 
better  than  these.  He  said  (l)eut.,  eh.  xxiii,  n:  12,  13):  "Thou 
shalt  have  a  place  also  without  the  camp  whither  thou  shall  go 
forth  abroad;  and  thou  shalt  have  a  paddle  (or  shovel)  among  thy 
weapims;  and  it  shall  be,  when  thiiu  sittest  down  abroad,  thou 

'  I'iri-'iliir  .Vc.  1  III  till'  Sttritfott-litnerM  tif  tlii'  t  .s,  Annfl.  April.  ISys. 
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nhiilt  iliu  thiriwith,  iinil  nhiilt  turn   Uuk  iiiiil  mvir  that   whii-h 
cimi'th  frniii  thrc." 

>Stiriil«  T),'  is  i.f  till-  o|iiii{iiii  that  lyplinid  li'vcr  ami  laiiii) 
(lianhiK-a  arc  tninifiitly  finiiiimnieatiil  tn  M.liliors  tliriiiif{h  the 
agency  nl  Hii»,  "  which  sHariii  alkait  tlicenl  ujattcr  and  tilth  of  all 
kinds  (lc|).»<itcd  n|xin  the  >;niiind  or  in  shallow  pits,  and  dinrlly 
ccpiivcy  iidcctions  uiatcrial  attachid  t.i  their  let  or  contained  in 
their  excreta  to  the  foml  which  is  e.\|)osed  while  heiiij;  prcparnl  in 
the  conniion  kitchen,  or  while  biing  served  in  the  mess-tent. " 

Vecder  (1S9H),  in  rclerrin^;  to  the  conditions  existing  in  the 
cai]]|)»  of  the  Spanish-American  War.  siys  that  in  the  latrine 
trenches  hi'  saw  "faecal  matter  fresh  from  the  Imwel  and  in  its 
most  ilanj;erous  condition,  covered  with  inyriails  of  Hies,  and  at  a 
short  distance  there  was  a  tent,  eiiually  o|H'n  to  the  air,  for  dining 
and  cooking.  To  say  that  the  Hies  were  hn.sy  travelling  back  and 
from  between  these  two  places  is  putting  it  mllilly."  Further,  he 
says,  "There  is  no  doubt  that  air  anil  sunlight  kill  infection,  if 
given  time,  but  theii'  veiy  access  gives  opportunity  for  the  Hies  to 
do  serious  mischief  as  conveyers  of  fresh  infection  wherever  they 
put  their  feet.  In  a  very  lew  minutes  they  may  load  themselves 
with  the  dejections  from  a  typhoid  or  dysenteric  imtient,  niPt  as  yet 
sick  enough  to  be  in  hospital  or  under  observation,  and  carrv  the 
poison  so  taken  up  into  the  very  midst  of  the  foiKJ  ,ind  water 
ready  for  use  at  the  next  meal.  There  is  no  long  and  round-about 
process  involved.  It  is  very  plain  and  direct.  Vet  when  thi 
thousands  of  lives  are  at  stake  in  this  way  the  danger  pa.ssi 
\nin"ticed.  and  the  conseipieiices  are  disastrous  and  .seem  mysterious 
until  attention  is  directed  to  the  point;  then  it  becomes  simjile 
enough  in  all  conscience." 

The  following  statements  which  I  have  noted  in  reading  the 
voluminous  reiKirt  of  the  Couunission  which  was  charged  with  the 
investigation  of  the  origin  and  spread  of  typhoid  fever  in  the 
(Tnited  States  military  camps  during  the  .Sp,anish  War  in  1H!I8 
(see  Reeil.  Vaughan  and  Shakespeare.  I'Mi),  give  the  opinions 
of  observers  in  dirterent  camps:— p.  (i2,  the  epidemic  was  due  to 
flies,  not  to  the  water;  the  careless  disposition  of  filth;  p.  74, 
flies  were  swarming  over  sinks,  kitchens  and  mess  tables;  p.  HH, 
the  epideniic  was  due  to  the  infection  of  foud  liy  flics;  p.  104, 
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tlioriiiijjhly  (•"iivineid  that  the  chief  n>;iiit  in  the  cliHtrilmtioii  ut 
typhiiiil  fi'vcr  whn  tin-  fly;  |).  107.  the  mwn-  iviis  imt  tlu'  wiitir- 
siipply  but  Hy  oiiiLtaiiiiinition :  Hies  '■  hiicl  infliclcd  griMtir  li«B 
ii|)iiii  thf  Aiiii-riniii  w.ldiiTx  thiin  nil  the  arms  .if  S|>ain  " ;  p.  :i(Mi. 
the  ei«ik  ol)si'rveil  Hic»  with  fift  eovinil  with  ili»infi'ctiii^'  hiiu'.  ciii 
the  f(MKl ;  p.  '27;i.  where  iiinH<|iiitii  netting'  was  iimoI  iitth-  nv  iiu 
typhiiid  was  ciintracted  ;  p.  27!1,  Hies  iibservid  carryinj;  liuji'  fn.iii 
privy  vaults;  re|)eati'<l  iiieutiuii  cif  sinks  and  flies  in  niilliuns,  nf 
sinks  near  u<  mess  tents;  p.  .">:(."),  ih-  flies  and  the  heal  mad,-  a 
vinit  til  the  sinks  (latrines)  like  a  visit  tu  pur),'ntciry ;  ;>.  (i(i5,  flies 
swarmed  sii  numeniusly  that  the  Hist  faeeal  ilriip]iiiij;s  wire 
eovered  In-fnre  defaeeation  was  fnmplete. 

The  above  statements  are  all  the  mere  sij»niHeant,  whin  it  is 
reniemlHTed  that  at  that  time  ( IKilM)  the  idea  nf  the  huuse-fly  as 
a  disease  carrier  had  hardly  been  eiineeived  except  in  the  minds 
iif  a  limited  number  nf  investij,'atiirs.  The  evidence  which  was 
aHlirded,  however,  was  convincing'  inouHh  and  it  was  onlv  natural 
that  the  CommisNiiin  came  to  the  conclusion  that:  "flies  un- 
donbtedly  served  as  carriers  of  infection."  From  this  onward,  the 
belief  in  the  ilisea.se-carryinK  |Kiwers  of  the  house-fly  iiicri-ascd  in 
strength  and  became  firmly  established  in  people's  minds. 

Chmelicek  (1H!)!I)  in  recording  his  experience  of  the  conditions 
of  camp  life  at  Tam[)a,  Florida.  <luring  the  .Spanish-American  war, 
states:  "The  pits  were  oidy  about  forty  ti'ct  from  the  entrance  of 
the  kitchen  tent  and  the  nundier  of  flies  around  thesi-  holes  was 
countless."  He  calls  attention  to  the  tiict.  to  which  Aldridge 
(1!I07)  referred  later,  that  the  greatest  incidence  of  typhoid  was 
among  the  nmunted  troops,  and  he  attributed  it  to  the  larger 
number  of  flies  present.  In  reference  to  the  conditions  in  the 
kitchens  he  mentions  the  tiict  that  the  flies  travelled  from  the 
latrines  to  the  kitchen  tent  wheri-  sugar,  which  was  exposed  for 
hours,  was  almost  black  with  them  and  looked  more  like  a  bat,'  or 
l>ox  full  of  raisins  than  of  sugar. 

Dutton  (l!ll)!))  gives  an  interesting  figure  to  demonstrate  the 
maimer  in  which  flies  would  be  carried  from  sources  of  tviihoid 
infection  (division  hospitals  and  latrines)  in  the  camps  of  the 
United  States  Army  at  Fernandina  and  Tampa  to  different  [larts 
of  these  camps.     He  states  that  Sergeant  Brady,  who  was  stricken 
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with  typhoid  fever  at  Fernaiidinu,  incntionMJ  to  him  thiit  the  liiiic 
UHfd  nlxiut  the  hitrini-H  iind  giirbajfi'  diiiii|M  wiis  curried  by  Hien  U> 
the  SmkI  which  wiut  beinf(  used  in  the  ciuii|m. 

Ill  the  Simth  African  War.  a  year  nr  two  later,  the  sninc 
conditiiin»  existed,  anil  there  wa,t  a  very  heavy  liiiw  of  life  froiii 
enteric  fever.  Writing  on  the  unbject,  Dunne  {l!M)i)  wiys :  "The 
|iliiKiie  of  tliea  which  was  prenent  during  the  epidemic  of  enteric 
at  Bloemfonlein  in  IIKM)  left  a  deep  impreiwion  on  luy  njind.  and, 
a»  far  ii»  I  can  luwertain  from  published  re|iorts,  on  all  wh.i  had 
experience  on  that  occasion.  Xothini;  was  more  noticeable  than 
the  fall  in  the  admiH.sioiis  from  enteric  fever  c(jincident  with  the 
killing  oH'  of  the  Hies  on  the  advent  of  the  cold  nights  of  May  and 
June.  In  .(illy,  when  I  had  occasion  to  visit  Bloemfontein.  the 
hospitals  there  were  half  empty,  .ind  had  practically  become 
convalescent  cain|>s." 

A  similar  ex|ierience  is  related  by  Tooth  ( 1:.,' ' ).  Refeiiing  to 
the  rule  of  tlies  lie  .says:  "  As  may  be  exiK'cted,  the  conditions  in 
these  large  camps  were  particularly  favourable  to  the  growth  ami 
multiplication  of  tlies,  which  s(K>n  became  terrible  pests  I  was 
told  by  a  resident  in  Bloemfontein  that  the.se  in.sects  wei.'  by  no 
means  a  .serious  plagui'  in  ordinary  times,  but  that  they  ciime 
with  the  army.  It  would  be  iiioie  correct  to  say  that  the  normal 
number  of  tlies  was  increased  owing  to  the  large  ipiantities  .it 
refuse  ii|ion  which  they  could  feed  and  multiply.  They  were  all 
over  our  food,  and  the  roofs  of  our  tents  were  at  times  black  with 
them.  It  is  not  iinri'ii-.onable  to  look  upon  Hies  as  a  very  [Kissible 
agency  in  the  .spreading  of  the  disea.se,  nipt  only  abroad  but  at 
home.  It  is  a  well-known  liict  that  with  the  first  appearance  of 
the  frost  enteric  lever  almost  rapidly  disappears.... It  .seems  lianlly 
credible  that  the  almost  sudden  cessation  of  ,in  epidemic  can  lie 

due  to  the  ett'cct  of  cold  upon  the  enteric  bacill ly.     But  there 

can  \k-  no  doubt  in  the  mind  of  anybody  who  has  been  living  on 
the  open  veldt,  as  we  have  for  three  or  four  months,  that  Hies  are 
extremely  sensitive  to  the  change  of  temperature,  and  that  the 
cold  nights  kill  them  off  rapidly."  In  the  discussion  on  this  pa])er 
Church  stated  that  "many  numes  told  me  that  if  one  went  into  a 
tent  or  ward  in  which  the  patients  were  suffering  from  a  variety 
of  diseases,  one  could  tell  at  once  which  were  tlie  typhoid  patients 
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by  tht'  wjiy  In  whiih  thr  Hiiii  cliiiitiT<'<l  alHUit  thiir  iiioiiiIih  ami 
cyi'B  whili-  in  hit]."  It  was  tiirtlicr'  utatt'il  in  llit-  iliM-nN.HiMn  that 
hIrto  thi'  Atiii'ricanM  n^t-il  <|iii(.'kliiiir  in  their  lati-incs  tht-  i'i»»ks  in 
thf  ni'ighlxMirin^  kitcht-iiH  liiund  that  ihr  tiHMl  iH'caiia-  ntviTod 
with  i|iiickliiiii-  trnin  th<-  t1i*>s  which  i-atn<'  trmii  thi-  hilt-itti's  tu  thf 
kitchi-nH. 

Itf  'r«'"ili.  in  a  Ifttt'i'  tn  nit',  says;  "I  am  alVaiil  niv  wi-iiirti 
remarks  hanlly  rxpifss  strnii^ly  ftiungh  thr  iiii|Hirtaiirt'  that  I 
attarh  It)  tlifs  as  a  iia-thiiiii  tit' sprt'itihin;  intcftimi.  (Jl'i-nnrsf.  1  tin 
nut  wish  ttt  iinilfr-rati'  tht-  wntfr  sitlo  tit'  thf  t|iifstitin.  Imi  tini'f  mt. 
hy  that  iiiians,  cntcrie  inttt  a  eaiii|i  ilif  Hifs.  in  my  (ipinitin,  tirf 
tjuitf  t'ajNiltlt'  lit  ftiiixt'i'ting  a  s|itira(lif*  iiu'ldfiict'  inttt  an  t-|iiilfn)i(-. 
A  |Hirf  wattr  !iu|>|ily  is  an  t>l)vit>ns  iititssity.  Iml  tht-  |aiaii|jt 
tli'stnictitin  trfifliisf  ttl't  vi'iy  tli'scri|itii>n  is  tviiy  hit  as  im|Hirtttiil. " 
Smith  (liKt.'i),  ni  s|it  akiiif;  nf  his  fX|>ti  it-ncf  in  .Stuith  Alrifa, 
says:  "On  visitinj;  a  (Icscrtcti  famjt  iluriti^t  tlit-  rt-ffiit  c-atti|iai^n 
it  was  citiniiittn  tti  Hntl  half  a  iln/iii  tir  stt  ti|ii'n  latririfs  dintaining 
a  ftietid  mass  nf  ixcrt'fa  tinti  manjjiits. "     Siniilar  tiliscrviitinns  wta-f 

inailc  Ipy  Austt'ii  (!!KI4),  whti,  ilt'scriliing  a  latriiif  that  hati  1 n 

Ifft  a  shtirt  tinif  nntlistnrliid,  says:  A  liiiz;<ing  swarm  nf  Hits 
wtinUl  suddenly  arise  from  it  with  a  nitise  tiiintly  sngjrestive  t.f  the 
bursting  ttf  a  percusHitm  shrapnel  shell.  The  latrine  wa.s  certajtjlv 
not  intire  than  tine  hinidred  yanis  from  the  nearest  tents,  if  sti 
much,  and  at  meal  time.s  tnen's  mess-tins,  etc.,  were  always  invatled 
hy  tlies.  A  tin  of  jam  incantinusly  h'ft  o|ien  ftir  a  tew  niinntes 
became  a  seething  mass  of  Hies  (c-hieHy  I'ljviiuHoiiat  cliliiropi/f/d 
Wied.).  completely  covering  the  contents." 

Htiwaril  (lllOO),  referring  to  an  American  camp  where  nti  efftirt 
was  made  to  cover  the  liieces  in  the  latrines,  .sjiys:  "the  camp 
contained  abtiut  1200  men,  anil  Hies  were  extremely  numerous  in 
and  around  the  sinks.  Kggs  of  Miiscii  (tuineatim  were  .seen  in 
large  clusters  cm  'he  faeces,  an<l  in  some  instances  the  luitchcs 
were  two  inches  '  iile  and  half  an  inch  in  depth,  resembling  little 
|iatches  nf  lime.  .Some  of  the  sinks  were  in  a  very  dirty  condition 
anti  had  a  very  disagrei'able  tMlour." 

A  few  examples  of  ihe  prevalence  of  conditions  favouring  tiie 
ilissemination  of  enteric  by  Hies  in  |KTmanent  camps  may  hi- 
noted.      Cockerill    (1905),    in    describing     camp    conditions    in 
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Biriiiuila,  nii'iitioii'i   kitch.'iiK   wirhlii   iiiii>   liiiiKliitl  yunl»  »)    thf 

UtriiiiH;    till'    Klmllnw    privy,  wlil ir  nivii    ilvaiii-il  out.  unci 

niiildciiK  all-  liiiincl  which  iniiliiiii  iiiiuwm  iif  tilth  xniiriiiiiiK  "'''' 
Hii'K.  Hr  Htiiti'n  that  in  iimri'  ri'cint  ycam  the  iXTimI  •>(  jjrcnti'^t 
incidi'nii'  i»  in  ihi-  siiniin.'i  U'm^  riiii'Hy  ilnc  tn  Aim  anil 
riHiiuniinaiiil  iln-i.  Wanhill  ( IIMiil)  lal^  riirni.Hh..(l  „,  iiilnvstinj; 
ri|Hiii  un  till'  typliciiil  cnflltionH  in  Hiriniula.  Kioni  lH!i:i  li>  l!«l-.' 
Ui'nnnila  hail  thi'  hiijIuM  iimiir  fiver  mtf  anion^'  the  truopH  nl 
any  eonmianil  ncTiipieil  l>y  Hruish  trimiw.  Wanhill  was  placnl  in 
char){i'  in  l!tll+  and  in  twn  years  the  disease  was  alimmt  eradieated 
He  ciinsiilered  thai  Hies  were  the  most  ini|Kirtant  agents  in  the 
diwwMninatien  ol' the  luicilli. 

(^iiill  (1!W)0).  re|)iirtin>{  en  an  nuthreak  nf  enteiie  in  the  Beer 
c-iinip  in  t'eyliin.  states:  'During'  the  whule  (H'riuil  that  enteric 
fever  was  riff  in  the  Biier  camp  Hies  m  that  camp  amounted  to 
almost  a  plague,  the  military  camp  l»'ing  almost  siniilnrlv  inlcsted, 
though  to  a  less  extent.  Thi'  outbreak  in  the  Boer  camp  precedeil 
that  among  the  trisips;  the  two  euui|)s  were  adjacent,  and  thi' 
migration  of  the  Hies  from  the  one  to  the  other  easy."  Weir, 
re|)orting  on  an  outbriiik  of  enteric  fever  in  the  barracks  at 
I'nihala,  India',  .s;iys  that  most  of  the  |ians  in  the  latrines  were 
half  or  ipiite  full,  and  Hies  were  very  numerous  in  them  and  on 
the  seats,  which  latter  were  soiled  by  the  excreta  conveyed  by  the 
Hies'  legs.  The  men  stated  that  the  plague  of  Hies  was  so  great 
that  in  the  morning  they  could  hanlly  go  to  the  latrines.  He 
found  that  the  Hies  were  can-ied  from  the  latrines  to  the  barrack- 
riKims  on  the  clothes  of  the  men.  This  state  of  aftiurs  suggests 
another  mmle  of  infection,  namely,  pei-  rectum.  As  Smith  has 
IHiinted  out  (/.('.)  it  is  not  improbable  that  Hies  under  these 
conditions  luny  be  inoculators  of  dysentery. 

Alrbidge(lilU7)gives  some  highly  suggestive  statistics  showing 
the  iuHuence  of  the  presence  of  breeding-places  of  Hies.  Flies  arv 
f>und  in  greater  numbers  in  mounted  regiments  than  in  intiuitrv. 
and  he  shows  how  this  aflects  the  incidence  of  enteric  fever.  In 
the  British  army  in  India.  U)02-05,  the  ratios  per  1000  |ier  annum 
of  «uses  admitted  were:  cavalry.  'y7i,  and  infantry  475.  He 
states  that ;  "  A  study  of  the  incidence  of  enteric  fever  shows  that 

'  AriHfi  Mtilkal  Dvi-arlmeiit  Itvi>ort,  19U-2,  p.  207. 
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Hliitii'MH  ivhi-iv  thi'iv  aiv  iin  filili  tivii.'liMs.  i.i-  wild,,  ihi.y  iiri'  ii 
(■■m.-'iiliTiiWv  ilintiiiii'i'  tniiii  tlic  liMrnu-k-., all  liavr  an  aiiiiii»~iuii-rati' 
liuliiw  ill.'  aviTa),'.'.  ami  all  lint  niH'  I.'»h  than  halt  llir  anTaKi." 

.Iiiiiii  (l!Mt7)  gi\,-^  an  inti'n^tin^r  a.-c nl  nf  |ii>  fX|HTiriic.-  nt 

tvphold  livii-  in  til,,  army  at  Na»iial)aii,  Inilia.  Hf  »lali«:  ■  \\\- 
hav..  I)e.n  111!  in  tlii^  >.taii.>ii  i.i  nj,'aiil  tly  inl.cti..n  um  llir 
Iirinci|>;il  caiiM'  nf  the  iini'iiv  ialili-  |ir.vali-n<i.  of  mtiiic  li'Vrr  — 
anil  ••  lic'lii'viiiK  an  we  il.>  that  ttif-.  aiv  lliv  t'liii-f  cami'it.  nf  I'lilnii- 
ti'Vi'i-  in  Inilin,  any  gilaii  wliii-h  jrrta  riil  uf  ili.-in  is  w.irtliy  nf 
coiiBi'l.  iiticii."  Hi.wanl  |  IMI 1 1  calls  atl.iili.ai  tn  ilii.  sljrniti.Miic,. 
•  if  tl .  ii..  tii.nl  ailii|)t..il  l)y  .Iiiiii'S  ti)  iK.iNuaili.  thr  liijjh-i'asir  nalivrs 
1.  a.ioii;  ,1,(1  carry  nnt  liis  views.  Makinj;  nsr  nf  ili,.  wonl 
kiib  (iKi.  >  "  (excn.|ni-nt-crttin(()  .Inims  writi's:  "I  (m'suini'  n.i 
ni.,  V,  ,,.,..s  In  Ik.  a  k«kn|>liuj;i.st ;  yet  wi.  ap'  s.j  in  »|iit|.  nf  nui- 
-  Iv.  .  if  t'li's  liri-d  in  tilth  pits  alight  nn  niir  fniKl  just  ln'liav  wi- 
■  M».  It.'  This  kliiil  of  aixnmi-nt  wniilil  suivly  apin'al  tn  tin-  innsi 
imlii'.-r -lit  hij{h-cast.-  nativn  or  nihcr  iwrsnii  wlm  was  ini'liiu'il  tn 
I.  Haul  Hies  a.s  -  wliolesoinu  and  a|i|iftisiiij;.'  .Sirattnii  |I!I07| 
ilisiMissinj,'  the  seasonal  [irevalenee 
states  that  the  fi-ver  r<-eiirs  with  il. 
Hies  after  the  rainy  season  ;  duiii.,; 
diinintitinn  of  enteric. 

Ainsworth  (1!)0H)   liar.     -ni!!,-,i 
fever  and  cliniatie  cniiditi  .1..-  i!  ,;,■ 
Kirkee,  India.     His  coiicl  i-  >  ';  tr- 
at  least  sujjgi'sts  that  a  yvvie.   ;  ;  /. 
further  inve.stijjatinii.     By  im  -.']•■    ..- 
and  fall  of  the   niiinber  of  Hies,    li 

rainfall.  As  Niittall.  in  reterriii),'  tn  tiiis  paper,  says  :  "  The  curves 
Kiven  on  pages  -li)"  and  4!»H  are  certainly  very  strikinj;.  the  Hy 

curve   leaching  its  aeiue  al t  two  weeks  iiefniv  the  uiasiniuni 

nuinlH'r  nf  cases  nf  typhniil  ncciirrerl. " 

All  these  facts  are  ecpially  applicahle  to  thi.  coiiditi.ais  in  nui 
own  tnwns  and  cities.  Where  the  ..Id  cniiservancy  nic'th.ids  are 
used,  .such  .IS  pails  and  privy  iniihleiis,  the  incidence  nf  typh..id 
fever  is  greater  than  in  tho.se  places  whi.re  the  system  nl  watir 
di5|io.sal  h.is  heen  adopted.  I  have  examined  the  annual  repniis 
of  the  medical  .itticers  .if  health  of  ,s..veral  larg.'  i.nviis  wli.'re  such 


nf  enteric  at   Meeriil,  liiilia, 
i|)|iearaiice  of  the  dust  and 
is  a  great 


■  insoon  then 


lati.ai  lietiv.'in  enteric 
1 :  stations  ,ii  I'lK.na  and 
'■■  I:iglily  signiHcant  and 
;■  Iieen  .-stablished  fnr 
-  ,e  diuslrates  the  rise 
:yphoid  evidence  an<l  the 
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converemns  an:  being  in.uk.,  and  they  .show  «  falling-oH'  of  the 
typhoid  fevei-iate  coincident  with  this  change.  In  Nottingham 
for  ..xninpl,.',  ,n  the  ten  years  lNS7-IN<l(i,  there  w.u,  one  case  of 
typhoid  fev,.r  tor  every  120  houses  that  had  ,«il-closet»,  one  c,«.e 
tor  every  :j7  houses  with  privy  i„„l(leiis,  and  one  case  for  every 
r.r„S  houses  with  water-closets.  The  last  were  .scattere.l,  and  not 
c-onhned  to  the  jirosperous  districts  of  thi>  town. 

Klein  (1!)0H)  in  di.scussing  an  outbreak  of  ty.,h.,i(I  fever  at 
Wilshaw  (Kng.)  describes  what  is  a  c.unnion  occurrence  in  very 
rnany  ..iitbreai-  .  in  towns  and  cities.  He  says  "  After  the  occui- 
rence  of  a  case  of  enteric  fever  in  a  house  torining  one  of  a  ,„w  a 
number  of  typhoid  cases  making  their  appearaiic,.  in  the  neigh- 
bouring houses.     All  known  channels  of  transmission,  tbr  example 

pei-sonal  contact,  deteiaive  drainage,  p ,„|  water  or  milk,  could' 

be  excluded.     The  only  condition  con ,ii  to  all  the  houses  ..f  the 

row  was  this  -that  they  were  swarming  with  Hies."  Klein  made  i 
Wteriological  e.vau.iuation  of  .some  of  the  •  Hies  "  (it  is  pr..sun,e<l 
they  w.Tc  Mnm,  domestim)  after  crushing  them  aii.i  f  ,md  «„««», 
cmi  and  /(.  tinihnxux. 

The  insanitary  conditions  foumi  in  many  of  our  towns  and 
■  ities  are  admirably  suited  in  every  detail  tor  the  breeding  of  Hies 
:,.e  disease-carriers  and  ti,r  their  carriage  of  the  germs  In  a 
I.revious  ,„.,x.r  (19(IS)  I  have  calle.l  attention  to  these  facts  It 
was  pointe.1  ,Mit  that:  "wherever  there  are  eolh.ctions  of  eith.-r 
.  .xcremental  products  or  decaying  and  waste  vegetjiblc-  substances 
and  t,„Kl  stutts,  house-Hies  are  able  to  breed.  Canse,|Uentlv  where 
such  con.iitions  as  the  following  exist  we  .shall  alnio.st  .Vrt^inlv 
hnd  house-Hies:  h..aps  of  stable-manure  and  other  excremental 
products  and  house  refuse  which  have  stocH'.  for  more  than  eight 
or  nin..  days,  the  time  occupied  by  the  development  ..f  the  Hv 
such  systems  of  excremental  dis|K,sal  as  middens,  dry  ashpits  and' 
pads  which  are  not  regularly  reiuoveci  within  the  .same  time 
I  tind  that  public  tips  fre,|ueiitly  torn,  [xTmanent  breeding  places 
lor  Hies  on  account  of  the  variety  of  substanc.s  tip|wd  therein 
H.Mise  refuse  and  excremental  substances  should  not  be  deposited 
on  public  tips  in  the  vicinity  of  houses  but  should  be  rem.,ved 


.uo.,';:"^™:'""" '"""""'""  ^^* "'"•"- -■ 
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i.n,„,.,liat.^y,  as  th.-i,-  „„.,v  ,„....,„...  ,;,,„«)„„,  tin,.  att„„.,s  ,ho 

,  '"  :'■"'  ''"■'^  '■':"""""'l  I"''-"-  «■"■-  t ul.ipiv  tlu.  „„isa,K-e  •• 

In   this  e„„„,.et,„„   I   call,.,l  atK-ntion  to  the  follmvinK  '-vLlcnce 

l.tiofs  a„.l  the  ,„.,.s,..K-e  „C  t.nisanees;  "In  his  ,.e,„„.t  „„  the 
N.n,ta,y  ™n,l,t,„„.s  ..(  WiKat,  (■H,.,«„,s  „f  Me.lieal  iLspeetcTS  „f 
fhe  r.K.al  .mvn.M.e,,,  H,ar.l  ..„  the  (ie,„.,-al  .Sa„ita,-v  Ci.c,.,,,- 
..tatiees  a.,.1  A,l,„„„st,atiu„  „r  the  Can.tv  B,.,„„jr|,  „,■  \Vi,,,„  ^,1,^ 
es,K.,al  reterenee  t„  Inti.,,,,1,.  M.„tality  a,„l  ,„  K.„l,.,„i..  l.,,.vale„ce 
h„  enc  K.ve,-  a,„|      ,.„.,,„„.,,;  22  ,,,,.,  l-MMi,   1 .,- C.,,„.,.,a„  says 

p.  i^):     At  the  M„y  L,„e  ],e,„„.  as  ,„,.vi„„slv  taentil ,1,  the,,. 

IS  always  st,„,.,l„,«aiti„K,.e„,„vall,yla„„,.,.,„„,. ,„„„san,„„„t 

"t  .nghts,„l  ,„„,,|  „i,h  „she.  «l„eh  i>,  h.,t  weather  es|„.eiallv  is 
nnt  „„ly  ..x,..,e,liMKly  ..Hensive,  I,,,-  is  heset  l.y  n.yria.ls  „!■  hoale- 
Htes,  As  the  .vM.lt  „f  |,„,.„„„|  ,,„|„i,,  ,„  „,^,  ,„^.  ,„^  ,^,,_,^^,^  .^_ 
the   .,e,j;h  „„„.h„,„|   i„   whieh  ,h„„,„   the  yea,-    lilOo  ,|ealhs  tVu,„ 

.  .an-heea  ha.l  ..een,-,,.,!,  1  |,.,,n„   ,i,at  e„„si,le,al,le  „„isai,ce  t, 

the  to„l  ,„l,a„.  was  apt  to  he  expe,ie„ee,l  ,h„i„K  the  p,vvale„ee  „f 
hut    veathe,-,  especially  with   the  wi,„l   i„   ,h,.  »„uth  ,„■  s„ntl,-west 

<.e.  l,lew,„K   ,•,.,„„    ,1,,  !,,.,„.,   ,„  ,|„.  ,p,.,i„|   ,.,va:   s „e|,  „„' 

..ocas,,,,,  as  t„  re.„le,-  it  „ee..ssa,y  ,„  shut  all  the  wi„,l„ws.  whil,. 

he  .ahalatants  „f  eertai,,  „f  the  h„„s..s  „ea,est  the  C,,,- ,,„„„ 

l>.'p..t  stat,.,l  that  at  c,.,-tai„  ,i,„es  „f  t„,    yea,-  tl„.ir  ,„„,,,.  „,,■,. 

■•'Pt  t„  he  ,„va,le.l  hy  a  ve,ital,l,.  plajru,-  „V  rii,.s  „./„W,  „■ ■„,„/ 

over  mrnilnn,,  of  ,n,  eMI.le  nature  on  ll,e  ,,rn„ises.     iTh.-  italics 

■"V  "'..»•,  t'M.  H.)    This  l„.i„^.  .s„.  it  w„„l,|  „,„  ,p,„.,,  i,„p,,.,„,,,i:. 

'  "V  ;"■       "  "'"",'■  '"  "'•''■''  '"'"■  ''""'■"•-  '""I  "■'  ■■Pl-.tu,ii,v 

'    ''■"'"«  ,""    '""'    '■■•^- "V tai„i,iat,.,l    with    excre„„.,„al 

Miat.fial  „t  h„,iia„  „rij;l>,,  „my  hav,.  I „  ,|,„  „„,,„,  „,■,,,,,,;„,, 

'"lect,„us  ,„a,e,-ial  t„  ce,-tai„  /;„«lstiirts.  .ii.-h.  ,i„,re  pa,tic„la,-lv,  as 
"..Ik  a,i,l  s„«a,.  ,.,„|  .„.  i,„|i,,,,K,  „,  ,,,|„Ki,i,,  al„„„  i,,,,,.,;,,',  „, 
tn.'  I,u„,a„  siihject.  " 

The  e„„„ty  „f  l)„,.|,a,i,  has  ,he  hij.|i,-s,  ,l,.ath-,-ate  f,„„,  ,,„„,,e 
eve,-,,fa„ye,,ii„tyi„K,lKla„,l,„.\Val,.s.  l,Mlisei,ssi„Ka  p,vl„,i„„„,: 
.■p..rt  .,f  a„  ,.,vest,j;at,.„,  i„,„  ,(,,.  siihj^ct  I),-  X,.wsh„|„„,  M,.,|i,.al 
Orttce,.  ot  the  [.„eal  (i„v,.,„„„.„t  K„a,-,l.  as  ,vpu,-te,l  „i  ri.e  Tuues 
|«-e.-kly  e,llt„„„  „f  Aliens,  oth,  IfllO,  states:  "We  ,.„„„.  H„alK- 
I.,  the  ,-„,i,liti„,is  with  which  the  excess  „f  enteric  fever  i„  tlt'e 
n.  i(.  K. 
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county  of  Diirhiim  ciin  in  a  huge  nioasurc  bu  causally  associated. 
These  are  the  extremely  filthy  domestic  arrangements,  by  which 
excremental  matters  are  iitained  in  the  immediate  vicinity  of 
dwellings."  The  account  goes  on  to  state  "  The  general  jKisition 
as  regards  the  relation  between  conservancy  methoiis  and  enteric 
fever  may  be  stated  thu.s :  throughout  Kngland  and  Wales  counties 
persisting  in  the  use  of  conservancy  methods  of  dealing  with 
excremental  matters  and  not  having  adopted  the  water-carriage 
system  have  exce.ssive  enteric  fever,  in  all  instances  in  which 
industrial  conditions  imply  cimsiderahle  aggregations  ol'  |K>pula- 
tion." 

One  of  the  most  important  investigations  on  the  relation  of 
riies  to  intestinal  disease  was  that  of  Jackson  (1!I07).  He  in- 
vestigated the  sanitary  condition  of  New  York  Harbour  and  fuiinti 
that  in  many  places  sewer  outfalls  had  not  been  carried  below 
low-water  mark,  consetpiently  solid  matter  from  the  sewers  was 
exposed  on  the  shores,  and  that  during  the  summer  months  on 
and  near  the  majority  of  the  docks  in  the  city  a  large  amount  of 
human  excreta  was  deposited.  This  was  found  to  be  covered  with 
flies.  The  report,  considere<l  as  a  mere  eatalogue,  is  a  most  severe 
indictment  against  the  insanitary  condition  of  this  great  water 
front.  By  means  of  spot-maps  he  shows  that  the  cases  of  typhoid 
are  thickest  near  the  points  found  to  lie  most  insanitary.  He 
shows,  as  English  investigators  have  als,i  shown,  how  the  curves 
of  fatal  cases  correspond  with  the  temperature  curves  and  with 
the  curves  of  the  activity  and  prevalence  of  Hies  which  were 
obtained  by  actual  counts.  He  also  adduced  bacteriological 
evidence,  and  it  is  stated  that  oni'  fly  was  liiund  to  be  carr)-ing 
over  one  huixlred  thcaisiind  faecal  bacteria. 

An  instructive  example  of  tlie  part  which  Hies  may  play  not 
only  in  the  carriage  of  typhoid  Ijacilli  to  peiwjns  near  tlie  infec'ed 
matter,  but  also,  through  the  medium  of  milk,  lo  a  larger  number 
of  people,  is  connuunicated  by  Taylor  ((Colorado  .State  Hoard  of 
Health,  U.S.A.)  to  the  New  York  Merchants'  Association.  He 
siys:  "In  the  city  of  Denver  we  had  .1  very  sad  as  well  as  a  plain 
demonstration  of  the  transmission  of  typhoid  fever  by  Hies  and 
milk.  Early  in  August  of  this  year  the  wife  of  a  dairvumn  was 
taken  with  tvphoid  fever,  remaining  at  lio about  three  weeks 
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before  her  removal  to  the  hospital,  August  2Sth.  During  the  first 
tn-o  weeks  in  September  we  received  reixirts  of  numemus  raises 
of  typhoid  fover  in  the  northern  portion  of  Denver,  and  uijon 
investigation  tiaind  that  all  these  cases  had  been  securing  theij- 
milli  from  this  dairy.  An  in.spection  of  this  dairy  was  then  made, 
and  in  addition  to  learning  ,A  the  illness  of  the  dairymans  wile! 
we  als..  fiaind  the  daiiynmn  himself  .surtering  with  a  mild  ease  of 
typhoid  (ever,  but  still  up  and  delivering  milk.  The  water  supply 
of  this  dairy  was  fan-ly  good.  However,  we  found  that  the  stools 
of  both  the  wile  and  husband  had  been  deposited  in  an  open  privy 
vault  located  thirty-Hve  feet  from  the  milk-housis  which  was 
unscreene.1  and  „iKn  to  Hit's.  The  gelatine  culture  e.v[)o.^e.l  for 
thirty  liiinutes  in  the  rear  of  the  privy  vault  and  in  the  milk- 
house  aiiiong  the  milk-cans  gave  numerous  colonies  of  typhoid 
bacilli,  as  well  as  colon  bacilli  and  the  oiilinary  germ-lih'.  The 
source  of  infection  in  the  dairyujan's  wife's  case  is  unknoivj],  but 
I  am  positive  that  in  all  the  cases  that  occurred  on  this  milk  route 
the  infection  was  due  to  bacilli  carried  from  this  vault  bv  Hies  .infl 
deposited  up.jn  the  milk-cans,  separ.tor  and  utensils  in'the  milk- 
house,  thereby  ccjntaminating  the  milk.  The  dairyman  supplied 
milk  t..  143  customers.  Fifty-rive  cases  of  typhoid  level  occurred, 
and  si.N  deaths  resulte<l  therefrom'." 

Washburn  (1010)  has  shown  how  insanitarv  conditions  in 
localities  where  little  attention  is  paid  to  the  prevention  of  health 
render  easy  the  infection  of  food  by  uies  and  the  dis^.mination  <,f 
the  typhoi.l  bacilln.s.  In  the  report  of  an  investigation  into  the 
prevalence  of  typhoid  fever  at  Charlestown,  West  Virginia,  U,.S.A. 
Ridlon  (Kill),  in  discussing  the  epidemiological  tiictons.'  states: 
"The  m..st  jirobable  source  of  infection  in  five  cases  was  from 
Hies.  These  cases  were  located  within  t«-o  hundred  feet  oi-  less 
of  other  eases  where  the  disinfection  of  the  stools  was  inefficient, 
where  there  were  no  screens  and  where  the  abundant  Hies  hiid  frei' 
access  to  both  dejecta  of  pitienls  and  the  food."  He  cmtinues  : 
■That  Hies  under  the  pro|>er  conditions  can  be  a  prominent  fact(jr 
in  the  spread  of  infection  is  an  undisputed  fact,  as  is  .-dso  the  fi,t 
that  their  iiro.,-,|cnce  can  be  greatly  dimiidshed  by  proper  c.re  of 

ill,,  „r  „„i  ';,„■;/„  '    Ti,,.  Mcicluiiu,' 
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thfir  brt'i'diiif,'  |]l;icrs,  iiifluding  stalili-nianiiri',  Ikhisi'IhiIiI  ivfiisi.' 
anfl  j;firl»ii^t'." 

An  (iiittiniik  .>f  typhoiil  trviT,  which  was  rirfiitly  n'|«iiuil  u]>nn 
(OctiiliiT  1!)12)  l>y  Dvs  Ainyiit  iiiiil  McCliMiahiin,  i.ec-unv(l  in  tho 
Insane  Asylum  at  Hamilton  (Ontario,  Canada).  Sinuo  .Inly  1912 
thcTi'  hail  licon  timrti'in  nnclcmbtod  casi'N  with  two  deaths.  The 
investif,'atliin  .showed  ihat  the  Hies  had  been  the  resininsible  agents, 
carryinj;  the  infection  from  iinsereene<l  lavatories  to  th.'  patients. 
The  manure  pili's  in  the  stables  had  been  left  exiBwed. 

Teirv  ( l!»l:{)  describes  the  very  ),Teat  iiduetion  in  the  typhoid 
death-rate  in  .lacksonville,  V,.S,A..  which  followed  the  control  of 
the  Hv-borni-  typhoid  by  compulsory  rendering  cpf  privies  tly-proof 


The  disskmin.vtiun  ok  Tvi'Hdih  Kevek,  li.vrTEuiii- 

1.ik:I(  .VI.    KviDEXiK. 

The  bacteriological  evidence,  the  result  t>f  exact  e.\periments, 
indicates  conclusively  the  ability  of  Hies  to  cairy  thi'  typhoid 
bacillus  iti  a  viable  conditicMi,  not  only  internally  b\it  also 
externally. 

A  non-spore-bearing  bacillus  such  as  7^.  ti/itlui,s"s  is  less  adapted 
to  external  traustereuce  than  a  spiire-bearing  bacillus.  It  is  never- 
theless inter«'stiug  to  note  the  length  of  lime  which  ela]).ses  before 
H.  ti/i)liusii.s  is  mca-ibund.  Howard  (1!U1)  states  that  I)r  Mohles 
informs  him  that  li.  ti/plioiiis  will  live  in  butter  under  comniou 
market  conditions  for  151  days  and  still  be  able  to  grow  when 
transferred  to  suitable  conditions.  In  milk  kept  under  market 
con<litions  thev  retain  active  mobility  for  twenty  days;  after  this 
they  lessen  in  numbers  and  finally  disappear  in  the  forty-thirrl 
ilay.  An  inip<jrtant  fact  is  that  observed  by  Uelepiue,  namely, 
that  H.  ('//)//(«".<  can  remain  in  a  viable  condition  on  the  walls  of 
a  privy  liir  twelve  months.  The  bearing  which  this  fact  has  on 
the  possibility  of  Hies  becoming  infecteil  subseouent  to  an  epidemic 
of  tvi>lioid  fever  will  be  readily  understood. 

In  order  to  form  a  correct  estinuiie  of  the  extent  tii  which  .ind 
I  he  manner  in  which  Hies  distribute  |iathogenie  and  other  bacteri.i, 
a  -iuil\  el  ihe  natund  bacterial  Hora  of  the  digestive  tract  of  the 
house-tly  would  a]i|».'r  to  \h'  desirable,  if  not  essential.      I'ntil 


BACTERIA    CARRIED   UV    FLIES 


243 


rucentiv  little  attonti.m  has  boLMi  paii,    to  this  inatt^i-,      Xicoll 
(lilll )  has  hi.jruii  such  a  study  with  int..-,estiti}(  ivsults.     Hi'  finds 
that   thv  hi.uw-tiy  inaj-  carry  at  least  twonty-scvcn  varirties  nf 
Biirlll,!.,  ,;,li,  by  far  the  must  froi|iient  of  wh'ii-h  art'  IS.  n,i;  ,■„,„- 
)ii,ii,e  and  JlaK'.mkeys  bacillus  \„.  71.     F-roni  the  character  c,f 
these  cninn  bacilli  it  w,,uld  appear  that  the  hou»e-Hy  (hxives  its 
bacterial  ttora  frnni  excieniental  niatter  and  ether  simrees.     The 
presence  .il  colon  bacilli  in  the  digestive  tract  nf  ihi-  tly  is  ..niv  i.i 
be  expected  from  the  filthy  feeding-habits  of  the  insect;  in  fact, 
the   absence    of  these   bacilli   would   be   more    than    lemarkable. 
Xicoll  also  finds  that  certain  non-lactose  li.Tmenting  l)acilli  appi-ar 
to  be  capable  of  multiijlying  in  the  intestine  of  the  Hy.     ( )t  these 
Morgans  bacillus  Xo.  1  is  not  an  infrequent  inhabitant  of  the  Hy's 
intestine  and  li.  ,Hmif,/,,liu«ii«  B.  has  been  found  on  two  occasions. 
tiraham-Smith   (1!)0<))   has  also   e.vamined    Hies   captured    in 
\arious  places  with  a  view  to  ascertaining  what  percentage  we.v 
infected   with   bacilli   of  the  colon    gi-oiip.      The    results'' of  his 
examinations  of  Hies  from  the  ditt'en.'nt   sources  was  as  foll,,ws: 
from  the  neighbourhood  of  decaying  animal  inatti'i-,  Canibriilge, 
2H  Hies   w,.-re  exanuned  and  oi-^  jK-r  cent,  were  infecte<i :   from 
a  railway-siding,  Islington,  4«  Hies  were  examined  and  2r.  |).-r  c.nl. 
were  infeited  :  from  a  room  used  by  men  at  a  gas-works,  24  Hies 
were  exandned  and   Kiii  per  cent,  were  infected:  from  a  boas.- 
near  a  glue  works,  2(i  Hies  were  examined  ami   15  per  cent    were 
infectel:  from  the  kitchen  of  a  London  County  School,  |H  Hies 
were  examined  and  222  [wr  cent,  were  infected;  fr..m  a   iioiise 
about  fifty  yards  distant  from  a  jam  factory,  Uermondsev,  40  Hies 
were  examined  and  10  per  cent,  were  infected.     The  Hies  which 
weiv  examined  were  J/.  (I(,i,iextic(i,  Fiiiiiihi  ainiciilarlx,  C'll/i/iliai-ii 
mtthivcr/ili'ilc  and  C.  nomitoriii.  Sf,w,njr,js  cah-itmii.i  and  a   li-w 
other  small  Hies.     Cultures  were  made  of  both  the  intestines  and 
of    the    .surfaces    of    the    Hies'    bodies.      Altogether   :«    lactose- 
fermenting  organisms  of  the  colon  group  wi'iv  isolated,  22  fr.iiii 
surface    cultures    and    i:i    from    the    intestines.      Although    the 
numbers    were    comparatively  .small,   the    experiments   imlicated 
that  the  Hies  were   infected  with   bacilli  of  the  C(.lon   group  in 
proportion  to  the  o|)p.a-t unities  oflTered  by  the'  locality  they  were 
frei|uentiiig.     The  highest  degree  of  ini;.,:ti,,n  was  found  on'  th..se 
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flies  frequenting  decaying  cnimal  matter  and  the  next  highest  on 
those  caught  near  manure. 

Torrey  (1912),  in  the  United  States,  has  also  made  a  stu  ly  of 
the  numbers  and  types  of  bacteria  carried  by  flies  under  city  con- 
ditions. Flies  examinefl  up  to  the  latter  part  of  June  were  found 
to  be  free  from  faecal  bacteria  and  carried  a  homogeneous  flora  of 
coccal  forms.  During  July  and  August  there  occurred  periods  in 
which  the  flies  examined  carried  several  millions  of  bacteria, 
alternating  with  periods  in  which  the  number  of  bacteria  was 
reduced  to  hundreds.  The  scanty  flora,  he  considered,  probably 
indicated  the  advent  of  large  numbers  of  recently-emerged  flies. 
Faecal  bacteria  of  the  colon  type  were  first  encountered  in  abund- 
ance during  the  early  part  of  July.  The  bacteria  in  the  intestines 
of  the  fly  were  86  times  as  numerous  as  those  occurring  on  the 
external  surface  of  the  insects;  an  important  fact  to  note.  On 
the  surface  of  the  flies  bai,oeria  6f  the  colon  group  constituted 
131  per  cent,  of  the  total  and  within  the  intestine  they  constituted 
37-5  per  cent,  of  the  total.  Of  the  lactose-fermenting  bacteria 
which  were  isolated  and  identified  795  per  cent,  belonged  to  the 
colon-aeriigenes  group  and  205  per  cent,  belonged  to  the  acidi- 
lactici  group.  Fifteen  cultures  of  StrepUicocci,  isolated  and  identi- 
fied, were  distributed  among  the  equinus,  faecalis  and  mlivurius 
groups.  He  found  none  of  the  pyogenes  type.  The  most  im- 
portant isolations  were  three  cultures  of  Bacillm  parati/phoaus, 
Type  A.  Bacteria  of  the  paracolon  type,  causing  a  final  intense 
alkaline  reaction  in  litmus  milk  and  fermenting  only  certain  mono- 
saccharides, were  fTe(|uently  found  during  August. 

Further  references  to  studies  of  this  nature  are  given  in  a  later 
section  (p.  288).  The  foregoing  experiments,  apart  from  the  indi- 
cations which  they  give  as  to  the  nature  of  the  flora  of  what  one 
might  call  a  normal  fly,  demonstrate  how  necessary  it  is  to  exercise 
great  caution  in  making  deductions  from  the  results  of  isolated 
examinations  and  cultures  of  flies  both  externally  and  internally. 

Reference  ha.s  alreiuly  been  made  to  the  fact  that  Jackson  gave 
bacteriological  evidence  as  to  the  ability  of  house-flies  to  carry 
B.  typhomix.  There  are,  however,  a  number  of  workers  who  have 
carried  out  experiments  along  bacteriological  lines  and  their  results 
will  be  given. 
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Celli  (1888)  recovered  Bacillm  typhi  abdnmimilis  from  the 
dejections  of  Hies  which  had  been  fed  on  cultures  of  the  same 
and  he  w.is  able  to  prove  that  they  passed  through  the  ali- 
mentary tract  in  a  virulent  state  by  sub8e,|uent  inoculnti,.n 
experiments. 

Firth  an<l  Horrocks  (1902),  in  their  experiments,  took  a  small 
dish  containing  a  rich  emulsion  in  sugar  made  fn,m  a  twenty-four- 


Fici.  97.    AKiir-aKiu-  nlope  culture  of  bacteria  and  moulds  deposited  bv  1/  ,l,,„,niL-„ 
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hour  agar  slope  of  JiaciU„.s  t;/,,l,o«m  recently  obtained  from  an 
enteric  stool  and  rubbed  up  with  fine  soil.  This  was  intr«l„ced 
with  some  infected  honey  into  a  e«ge  of  Hies  together  with  sterile 
litmus  agar  plates  and  dishes  containing  sterile  broth,  which  were 
placed  at  a  short  distance  from  the  infected  soil  and  honey  Flies 
were  seen  to  settle  on  the  infected  matter  and  on  the  agar  and 
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l)ii>th.  The  iiKiir  pliites  ami  limth  wore  ri'iiiovfil  aftiT  >i  IVw  (iiiy». 
and  after  inculmtion  at  M  C.  llir  tweiity-f.mr  hcuirs  wil.inies  ,.f 
Baclllii.1  liiphuHiix  were  found  "ii  the  ajfar  plates,  and  the  l«icillu» 
wa»  recovered  frnni  the  l)n)th.  In  a  further  experiment  the  in- 
fected material  was  ilust.d  over  with  fine  earth  to  represent 
su|»'rfieiallv  liuried  dejecta,  and  the  l>aeillus  was  isolated  from  ajjar 


to  «„lk  :»■> I..I.1  .ir."m.l  ll"    „i,..lHii.,,     Ndnu.l  -,/.,•.     |l.iT""''l  ">   "■  !■ 

(liissuw.) 

phites  upon  which  the  Hies  had  suli>.ii»eiitl,v  «alke.l,  as  in  the 
former  .■x|)eriment.  They  als..  tnund  the  liaeillus  on  the  heads, 
wings,  lejfs  and  hodi.s  ..t  Hic^.s  whieh  had  lieen  allowed  to  have 
access  to  infected  niateri;d. 

Hamilton  I  !!">:))   recovered    liiiri/hix   t;/iiliiis,i.-^  five    times    ni 
eirrht^er,  exjii'viments  fnini  tties  coielit  in  two  r.nilndned  (n-ivies. 
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on  thf  tenet's  tif  two  yards,  on  the  wjills  of  iw.,  limiwH,  an<l  in  thr 
room  ot  nil  t'ntfric  fevt'r  |>»tiunt. 

Kioktr  (UIOH)  found  that  when  fliest  wore  fell  ii|>on  typhoid 
cultures  they  could  contaminate  objects  npon  which  they  rested. 
The  typhoid  bacilli  were  present  in  the  head  and  on  the  wings  ami 
legs  of  the  Hy  five  days  after  feeding.  He  also  recovered  H.  tij- 
nhosn.i  from  the  flies  23  days  after  they  had  Iwen  infeetetl.  The 
haeillus  H.is  isolated  from  Hies  caught  in  a  house  in  Li'i|)/!ig,  where 
eight  cases  c)f  typhoi<l  had  occurred.  He  calls  attention  to  the 
fact  that  the  value  of  Celli's  conclusions  is  ilimini.shed  owing  to 
the  fact  that  at  the  time  the  experiments  were  carried  out  the 
differentiation  between  H.  ti/pfiiisus  and  organisms  lA'  a  similar 
character  was  hardly  possible. 

BuchiUian  (1907)  was  unable  to  recover  the  bacilli  from  tlies 
taken  from  the  enteric  wanl  of  the  (ilitsgow  Fever  Hospital. 
Flies  were  allowi'd  to  walk  over  a  film  of  ty))hoid  stool  and  then 
transferrer!  lo  the  medium  ((irtiid>;ium  and  Hume's  modification  of 
iMacConkey's  nu'dium),  and  suhseipiently  allowed  to  walk  over 
a  second  and  a  thini  film  of  medium.  Few  typh'iid  bacilli  were 
reciivei'ed  an<l  none  from  the  second  and  third  films. 

Sangree  (IHiHt)  pertormed  somewhat  similar  ex]>eritnents  to 
those  of  Buchanan  and  recovei-i-d  various  bacilli  in  the  tracks  of 
the  tlies.  This  method  of  transferring  the  tiles  immediately  trom 
the  infected  material  to  the  cultrn'e  plate  is  not  very  satisfactory, 
as  I  have  al  ■ady  piinted  out  (KMIS),  as  it  would  b<'  necessary  for 
the  Hies  to  iie  very  peculiarly  ecaistructed  not  to  carry  the  bacilli. 
The  Hy  should  be  allowed  some  freedom  l-'on-  it  has  access  to  the 
medium  to  sinndate  natural  condif'ou.s  l-^.siieiiin  -nts  of  this  kind 
were  carried  out  in  the  summer  .1  '■>'>'  lie  iir  M.  B.  Arnold 
(Superintendent  of  the  Manchester  Fi-.er  llispital)  a. id  myself 
Flies  'vere  allowi'd  to  walk  over  a  H'lii  1,  typhoid  I  tool  and 
then  were  transfeiTeil  to  a  wire  cage,  "!■  i-  1,1. a  '-.v  ,ii.  "d  for 
twenty-four  hours  with  the  opportuniiv  of  .'le,.!!^^  l;  thri,.- 
selves,  after  which  they  were  allowed  to  walk  o,.t  the  riln.-  .i| 
media.  Although  we  were  unabli'  to  recov .  ■  /;.  l./nlinxim  "he 
presence  of  B.  cuii  was  denionstrateil.  H.  roll  w.is  ,k  ■  obtained 
from  Hies  caught  on  a  public  tip  upon  whicli  the  ■  nieiils  of 
pail-closets  had  been  emptied;  the  presence  of  li.  coli,  i_  ..n'rr, 
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may  imt  lU'CesBarily  indicate  recent  contamination  with  hiiiimn 
ixcri'ment. 

Aldridge  (1007)  imlated  a  bacillus,  ap}Mrently  belnnginR  to  the 
paratyphoid  group,  from  flicH  caught  in  «  barrack  latrine  in  India 
during  an  outbreak  of  enteric  fuver.  In  ap|>earance  and  behaviour 
to  te»ti  it  waH  very  similar  to  B.  typhoauH. 

A  scries  of  careful  experiments  were  made  by  Sellurs'  in  con- 
nection with  Niven's  investigations  on  the  relation  of  Hies  to 
intantlle  diarrhoea.  Out  of  thirty-one  batches  of  house-Hies  care- 
fully collected  in  8terilise<l  traps  in  several  thickly  is)puluted 
districts  in  Miinchester  he  found,  as  a  result  of  cultural  ami  inocn- 
latory  expeiiinents,  that  bacteria  having  microscopical  and  cultund 
characters  resembling  those  of  the  BaciUiia  coli  group  were  present 
in  four  instances,  but  they  did  not  belong  to  the  same  kinil  or 
variety. 

In  a  report  of  investigations  carried  out  at  the  Central  Research 
Institute  of  India  by  Thomson  (1912),  the  following  conclusions 
are  given :  "  The  ingestion  of  typhoid  germs  in  large  numbers  has 
no  bad  effect  on  the  health  of  the  flies;  they  am  retain  living 
typhoiil  bacilli  within  their  bo<lies  and  transmit  infection  thereby 
for  a  period  of  twenty-four  hours  after  ingestion ;  they  can  carry 
the  living  germs  on  the  exterior  of  their  feet  or  bodies  for  a  period 
of  six  hours,  and  so  transmit  infection." 

Qraham-Smith  (1910)  carried  on  infection  experiments  with 
S.  typhmus.  Flies  were  fed  on  syrup  infected  with  this  bacillus 
and  afterwards  on  plain  synip.  Sixteen  hours  after  the  removal 
of  the  infected  syrup  cultures  im  Drigalski-Conradi  medium  were 
made  of  the  intestinal  c.mtents  of  five  flies;  eight  flies  were 
allowed  to  walk  on  culture  plates  and  plates  were  also  sown  with 
emulsified  faeces.  B.  typhosus  was  recovered  in  all  ca.ses.  This 
experiment  was  repeated  with  flies,  two  days,  three  days,  and  daily 
to  six  days  after  infection.  The  results  showed  that  B.  typhosus 
may  remain  alive  in  the  intestinal  canal  for  at  least  six  days  and 
that  flies  may  infect  plates  upon  which  they  walk  for  at  least 
forty-eight  hours  after  infection. 

A  typical  instance  of  a  small  epidemic  of  typhoid  fever  is 

'  Recorded  in  the  Report  on  the  Health  of  the  City  of  Manchfter,  1906.  by 
James  Niven,  pp.  86 — 96. 
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reported  by  Cochrane  (1012).  This  iweurreil  jit  St  <if.ir({('s, 
Bennuda,  and  Hies  were  coniiidered  ti>  \m'  the  prolmble  ciinierK 
There  were  eight  caw*  of  fever;  thne  of  thene  were  in  soldiers 
and  the  five  civilinn  awes  were  in  thne  tiiiiiilies.  Two  ol  thi> 
three  soldiers  were  employed  in  two  of  the  fiiinilieM.  A  filnl  oiwe 
of  typhoid  had  occurred  at  a  house  3()()  yanis  from  the  house 
where  the  first  case  occurred  in  September  of  thi>  previous  year; 
three  cases  occurred  in  April  and  May.  A  dry  earth  latrine  was 
used  when'  the  fatal  eases  of  typhoid  occurnil.  A  Hy  was  eaught 
near  this  latrine.  It  was  put  into  .5  c.c.  of  sterile  salt  soliiiiim  fur 
a  minute  and  cultures  made.  The  fly  was  emulsified  anil  other 
cultures  made.  Hacillm  ti/pliosus  was  isolated  fmm  the  Hasliiiigs. 
The  house  and  the  latrine  wen'  cleaned  and  disinfected  and  no 
fiirther  cases  have  occurred  in  the  vicinitv  since. 
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CHAPTER   XXII 


THE   RELATION   OF   FI.IES  TO  SUMMER   DIARRHOEA 
OF   INFANTS 

The  coneliisive  nature  of  the  evidence  that  the  house-fly  is  an 
inipnrtant  factor  in  the  spread  of  typhoid  fever  naturally  directed 
the  attention  of  medical  men  anil  investigators  to  the  possibility 
of  their  lieing  concerned  in  the  dissemination  of  this  serious  intes- 
tinal complaint  of  infants.  Niven  (1910)  defines  summer  or 
epidemic  diarrhoea  as  being  "a  term  applied  to  an  aflfection 
marked  by  a  somewhat  definite  group  of  symptoms,  in  which 
vomiting  sickness,  copious  diarrhoea,  rice-watery  and  green  stools, 
and  finally  convulsions  play  a  conspicuous  part.  This  condition 
is  not  rarely  somewhat  prolonged,  and  is  often  attended  with 
some  degree  of  fever.  On  the  one  hand  it  shades  into  typhoid 
and  paratyphoid  fevers,  and  on  the  other  it  is  not  rarely  the  termi- 
nation of  a  tuberculous  enteritis  or  some  wasting  affection."  This 
disea.se  is  responsible  for  an  enormous  mortality  among  infants 
under  two  years  of  age,  and  in  fact  accounts  tor  more  deaths  than 
any  other  disease. 

In  referring  to  epidemic  diarrhoea  in  Portsmouth,  Fraser  (1902), 
cited  by  Xuttall  and  Jepson,  states  that  "  on  visiting  the  houses 
in  (jucstion  I  find  that  in  all,  ale.ost  without  exception,  the  occu- 
pants have  suffered  from  a  perfect  plague  of  flies.  They  told  me 
every  article  of  food  is  covered  at  once  with  Hies.. ..I  repeat  that 
to  this,  and  this  alone,  I  attribute  the  diarrhoea  in  the  Goldsmith 
Avenue  district." 

Nash  was  one  of  the  first  medical  observers  to  call  attention 
(in  1902)  to  the  remarkable  coincidence  between  the  abundance  of 
flies  and  the  prevalence  of  this  serious  infantile  disease.     In  the 
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years  1902  and  1003  the  siimmuis  wire  wet  and  thuiefbie  un- 
favourable to  the  breeding  and  activity  of  .V.  tlumeKtini,  and  in 
these  years  the  diarrhoea!  diseases  were  less  prevalent  and  the 
infantile  mortality  rate  was  consiilerably  below  the  aveiase.  He 
siiggested  (1003),  in  a  pajK-r  read  before  the  Epidenii.jlogical 
Society  of  London  in  January,  1003.  that  Hies  carried  the  infective 
material  from  all  kinds  of  filth  to  the  food  supplies  and  were  re- 
sponsible for  the  spread  of  this  disease  and  supported  his  contention 
with  a  further  instance,  namely,  that  "  in  the  early  |mrt  ol  .Sep- 
tember, 1902,  flies  became  prevalent,  and  co-incidentally  diarrhoea, 
which  had  hitherto  been  conspicuous  by  its  absence,  caused 
thirteen  ileaths  in  Southend.  Then  came  a  spell  of  cold  weather ; 
the  Hies  rapidly  diminished  in  number,  and  no  further  deaths  from' 
diarrhoea  were  recorded  "  (lOO.i).  In  1904,  by  means  of  a  "  spot 
ina|)  '■  he  found  that  the  great  majority  of  de.iths  from  diarrhoea 
occurred  in  the  proximity  of  brick  Holds  in  which  were  daily 
dejwsited  some  thirty  tons  of  house  refuse,  an  admirable  breeding 
place  for  this  insect.  He  has  shown  the  actual  danger  which  exists 
in  flies  carrying  b.icterial  organisms  to  milk  as  many  oth.-r  in- 
ve.stigators  have  shown,  and  the  danger  resulting  from  the  co- 
incident occurrence  of  uncovered  milk  and  infected  flies  is  too 
obvious  to  need  emphiusis. 

Newsholme  (1903)  discussed  the  pi^ssibility  of  food  infection 
by  Hies  in  the  houses  of  the  poor.  He  states :  "  The  sugar  used 
in  sweetening  the  milk  is  often  black  with  flies  which  may  have 
come  from  a  neighbourijig  dustbin  or  manure  heap,  or  from  the 
liquid  stools  of  a  diarrhoeal  patient  in  a  neighbouring  house. 
Flies  have  to  be  picked  out  of  the  half-empty  can  of  condensed 
milk  before  its  remaining  contents  can  be  used 'for  the  ne.xt  meal." 
The  observations  of  Copeman  ( p.  241 )  have  already  been  mentioned 
and  similar  instance^  of  the  relation  between  Hies  and  the  incidence 
of  summer  diarrhoea  have  been  referred  to  by  Snell  (1006)  and 
other  medical  otticei-s  of  health  in  their  rqwrts.  .Sandilands 
(100())  states  that  there  are  ■■go<xl  grounils  for  the  supposition 
that  in  this  disease,  which  in  .some  resjjects  is  analogous  to  typhoid 
fever  and  cholera,  Hies  may  be  can-ying  agents  of  the  Hrst  im- 
portance." He  observes  that  the  meteorological  conditions  which 
influence  the  prevalence  of  diarrhoea  exei-cise  a  precisely  similar 
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effect  upon  the  prevalence  of  flies.  He  states r  'The  immunity 
of  well-to-do  infants  may  bo  explained,  |)artly  by  the  distance  that 
separates  the  sick  from  the  healthy,  and  partly  by  the  small 
number  of  flies  in  their  neighbourhood.  In  poor  districts  ,six  or 
seven  babies  may  occupy  the  tenements  of  one  house  with  a 
common  yard  where  flies  congregate  and  flit  in  and  out  of  the 
open  windows,  themselves  conveying  infected  excrement  to  the 
milk  of  healthy  infants,  or  depositing  the  excrement  in  the  dustbin, 
whence  it  may  again  be  conveyed  into  the  house  by  other  flies. 
Calm  weather  promotes  diarrhoea  and  high  winds  are  unfavourable 
to  the  spread  of  diarrhoea  and  to  the  active  migration  of  flies 
alike.  Loose  scjil  and  fissured  rock,  containing  organic  filth  in  its 
crevices,  favour  the  spread  of  diarrhoea  and  the  breeding  of  flies, 
whilst  solid  rock  is  unfavourable  to  both."  Ainsworth  (1909) 
studied  the  relation  of  flies  to  infantile  diarrhoea  in  Poona  and 
Kirkee,  India,  and  by  means  of  a  yearly  curve  illustrates  the 
relation,  which,  as  in  the  case  of  similar  curves  constructed  from 
English  statistics,  afibrds,  or  would  appear  to  afford  according  to 
the  critics,  evidence  of  a  close  relationship  between  flies  and 
summer  diarrhoea. 

The  most  exhaustive  epidemiological  study  of  the  relation  of 
flies  to  this  disease  has  been  made  by  Niven  (1910)  in  Manchester. 
He  commenced  to  make  observations  in  1903,  and  from  1904  sys- 
tematic captures  of  flies  were  made  at  selected  stations.  After 
a  consideration  of  the  various  factors  which  have  been  studied  in 
relation  to  summer  diarrhoea  »uch  as  soil,  temperature,  etc.,  he 
states :  "  What  we  require  for  the  explanation  of  the  facts  of 
summer  diarrhoea  is  the  presence  of  some  transmitting  agent 
rising  and  falling  with  the  rise  and  fall  of  diarrhoea,  the  features 
pertaining  to  which  must  correspond  and  explain  the  features  of 
the  annual  wave  of  diarrhoea.  None  of  the  facts  of  which  we 
have  cognizance  do  afford  such  an  explanation,  and  we  come  by 
exclusion  to  consider  the  house-fly.  The  process  of  conveyance  is 
not  striking  and  arresting  as  it  is  in  military  camps  abroad;  nor 
does  the  number  of  flies  usually  approach  that  observed  in  tropical 
and  sub-trcipical  countries.  We  are,  therefore,  obliged  to  attack 
the  question  de  novo,  and  examine  such  evidence  as  we  possess  to 
see  whether  we  may  rest  reasonably  confident  that  in  flies  we  have 
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found  the  tmnsraitting  agent  sought  tor.  If  the  house-Hy  is  the 
transmitting  agent  in  summer  diarrhoea,  the  following  con<liti<in8 
should  be  fulfilled  :— 

"(1)  («)  There  shouhl  be  evidence  that  the  hcjuse-fly  carries 
bacteria  under  the  ordinarj'  summer  conditi.^ns ;  (6)  h.iuse-Hies 
should  be  present  in  sufficient  numbers  in  houses  invaded  by  fatal 
diarrhoea. 

"(2)  There  should  be  a  close  corres|x)ndence  between  the 
aggi-egate  number  of  hnu.se-flies  in  h.mses  and  the  aggiegate 
number  of  deaths  fi-om  diarrhoea  week  by  week. 

"(3)  The  life-history  of  the  house-Hy  should  explain  any 
'".iscreiMiicy  between  thc.bserved  number  of  Hies  and  the  observed 
number  of  deaths. 

"(4)  '''he  minority  of  breast-ted  children  not  apparently 
accessible  t)  infection  should  receive  ■■xplanation. 

"(3)  There  should  be  a  closer  correspondence  of  diarrhoeal 
fatality  with  the  number  of  Hies  than  with  any  other  varying 
seasonal  fact. 

"  (6)  Any  other  clasely-corresponding  seasonal  fact  should  be 
capible  of  interpretation  in  terms  of  the  number  of  house-Hies. 

"(7)  Any  variation  from  district  to  district  in  the  annual 
curve  of  deaths  should  be  accompanied  by  a  similar  v.irii  i  in 
the  curve  of  Hies. 

"(8)  It  will  be  at  once  manifest  when  we  come  to  enteric 
fever  that  the  house-Hy  plays  but  a  minor  direct  part  in  the 
production  of  the  annual  wave.  Such  part,  however,  should  have 
reference  to  the  number  .,f  Hies  and  of  pre-existing  centres  of 
infection.  If  it  can  be  shown  that  that  portion  of  the  enteric 
w-ave  which  is  connected  with  Hies  changes  from  one  [jeriod  of 
time  to  another  in  such  a  manner  as  to  be  explainable  in  terms  of 
flies,  but  not  of  meteorological  conditions,  the  e\idence  in  favour 
of  flies  will  be  greatly  strengthened. 

"(!))  No  other  available  hypothesis  must  be  capable  of 
explaining  the  course  of  summer  diarrhoea." 

For  the  purpises  of  this  stu.ly  daily  counts  of  the  Hies  cap- 
tured at  the  ditt'erent  ob.servation  stations  which  were  selected 
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were  miiilu  from  July  (in  one  year  from  the  end  of  Jlay)  until 
Xovembcr  during  the  years  li")04,  1!)05,  1!)0(),  IDOH  and  1!I0!I. 
The  coniplete  data  obtained  are  ^iven  ;  these  include  tor  eaeh 
week  the  nunil)er  of  Hies  eaptured,  the  number  of  deaths  from 
diarrhoea,  the  niuuber  of  fatal  cases  commencing,  mean  tempera- 
ture   in    the    shade,   raintiill    in    inches,    and    the    undergi-ound 
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Flu.  99.  Clmrt  illiutrjUitin  the  relation  of  the  nniiiericiil  abiindaiice  of  honse-flies 
to  fiiimintr  diarrliocn  in  the  city  o[  Manchester  in  1904.  I'reiJiireil  from 
statistics  and  cliart  yiven  by  Niven. 

teuiperatiiivs  at  1  foot  and  4  feot  respectively.  From  thent.'  data 
charts  are  constructed.  1  have  prepared  Fi^s.-9J)  and  100  from  the 
statistics  and  chart  j^ivon  for  the  yeavs  lOO-i  and  1!*09.  Althoufjh 
in  Fig.  MO  tlu'  tcnipiTatnrc  curve  has  been  omitted,  it  may  be 
pointrd  out  that   in  Xiven's  charts    there  is  no  direct   relation 


COHRESPONDEXCE  OF  CURVES  057 

Mwec..,  the  curves  of  tem,K.rat,„v  .r  mi„t).ll  ,.n,l  thus,  of  Hi,.,  „r 
.leath»  trom  d,.rrhoea.     In  ,„|,|iti„„  he  ,«,i„,.  o,„  ,he  „u„n er 
wh,eh  the  curve  „f  fatal  ca.e«  o,-  .L.thsLls  awav  fro  .         J,  , 
"f  Hies  ,n  the  middle  of  the  .,  .dine  "' tnt  cunc 

In  i«,inting  out  the  intimate  corre^pnulence  of  the  curve,  „f 
th_e  cases  and  deaths   to  the   numU.  I.f  Hi,,  captured  rkb,;! 
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" Total  deaths 
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stalisticB  given  by  Niven.  '       Manchester  ,„  1909.     Prepare,!  from  the 

«^ek,  Niven  states :  "  The  number  of  cases  begins  to  increase  until 

h.  fl.es  captured  attain  a  ma.itnum.     The  maximum  numb  rf 

cvses  commencing  in  the  yea.^  1904  and  1!)05  is  in  the  samTweek 
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necessmv  (Icft'Cts,  they  shuw  ii  degne  iif  C(irru8p<iii(leiici'  which 
crcati-s  ii  high  dogrcc  of  |)icibiil)ility  that  Hii's  aru  thi'  transmitting 
agents  in  siunnier  dianhiiea.  In  all  the  curves  it  will  be  seen  that 
deaths  (  iiaiiiish  nicae  rapidly  than  dn  Hies  in  the  middle  pirt  iif  the 
decline.  For  this  there  an  two  causes.  In  years  of  high  diarrhoea 
incidence  the  more  susceptible  and  exjKised  intiints  have  been 
killed  ipft'  or  rendered  innnune.  Ijijivery  year  towaiils  the  clo.se 
of  the  Hy  .season  the  Hies  are  attacked  liy  A'm/rasii  iiiiinaie,  and  are 
hindered  by  cold  from  leaving  the  house,  so  that  they  cease  to  act 
ns  transmitting  agents." 

For  a  full  discussion  of  the  careful  observations  madebyNiven 
in  his  exhaustive  study  of  the  epidemiology  of  this  disease  in 
Manchester,  the  reader  is  referred  to  the  original  iraper.  In 
summarising  the  results  of  his  analysis  Niven  states,  after  de- 
claring that  summer  diarrhoea  is  an  infectious  illness ;  "  The 
health  of  infants  prior  to  attack — in  other  words,  the  social 
condition — has  much  to  do  with  the  fatality.  The  summer  wave 
is  not  due  to  dust,  nor  is  it  conditioned  by  any  growth  of  bacteria 
in  or  on  the  soil.  There  is  nothing  to  support  the  view  that  the 
infective  organisms  are  of  animal  origin,  and  the  connection 
between  privy  middens  and  diarrhoea  goes  fr.r  to  prove  the 
contrary.  The  disease  becomes  more  fatal  only  after  house-Hies 
have  been  prevalent  for  some  time,  and  its  fatality  rises  as  their 
numbers  increase  and  falls  as  they  tall.  The  correspondence  of 
diarrhoeal  fatality  is  closer  with  the  number  of  Hies  in  circulation 
than  with  any  other  fact.  The  next  closest  connection  is  with 
the  readings  of  the  four-foot  thermometer,  with  wli;  h,  however, 
diarrhoeal  fatality  can  have  no  direct  relation.  Flies  and  the 
readings  of  the  four-foot  thermometer  are  both  functions  of  air 
and  surface  temperatures  and  of  rainfall.  Certain  facts  in  the 
life-history  of  the  fly  throw  light  on  discrepancies  arising  in  the 
decline  of  Hies  and  cases.  The  close  correspondence  between  Hies 
and  cases  of  fatal  diarrhoea  receives  a  general  support  from  the 
diarrhoea  histo^-y  of  sanitary  sub-divisions  of  the  Manchester 
district.  The  few  facts  available  for  the  study  of  the  correspond- 
ence of  flies  and  fatal  cases  in  different  sub-divisions,  in  the  course 
of  the  same  year,  also  lend  support  to  this  view.  Xo  other 
explanation  even  approximately  fits  the  case." 


'RITICISM  OK   Kt.Y-fARRIEH    IIYl'DTIIEsIs  Ojll 

Ir.  th..   inv,.»tiKati.ni  which   Hunicr  (li)OH,  1!)()!»,  t,i„.i,.,|  „„t 

...    I....Kl„n  with  a   vi..w  t„  ,l,.t.r,„i„i„K  th.  .vlati„„.shi,,  which 

he  |„v.,.„c..  „t  accunmhuions  „tret„,s..  „n,i  nrtWisiv..  ,„a,t,.r  bears 

t»  th,-  H;:  nuisanc- p.rtunity  was  art;,rd,.,l,  an,l  wisch-  taken 

n<l™ntase  of,  t,.  s„„iy  th,-  4„csti„„  ..f  the  ,.„.s«ihl,.  ,clad,„„hip 
ot  Hi,.s  t.  „„„,,».,.  .liarrhuea.     Haincr  i.„licate»  what  appear  t!, 
hi..,  U,  be  a  .hHiclty  in  the  way  of  accepting  thi»  the. 'ry      He 
«tate.  :  •  It  »h,>ul,i  be  ,«,intecl  „ut  that  there  are  certai.,  .iitficnhies 
.n  the  way  nt  acceptn.^  the  thesis  that  the  cerr...s,«„ulenee  exhibite.1 
.n  the  e„rves(he  refers  to  the  Hy  cu.ve  and  .liarrhoea  curv,.)art„r,ls 
reason  tor  conchuhng  that  Hies  a.al  summer  diarrhoea  stand  to  one 
.mother  m  relation  of  canse  and  ertect.     At  the  connnencement  of 
the  hot  snmmer  weeks,  when  the  nnmber  of  Hies  has  beifun  to 
show  marked  increase,  the  diarrh,*a  curve  is  rapi.llv  rising      \fter 
son,e  weeks  the  number  of  Hies  reaches  the  n,axinu,m,  an.l  then 
(liinnnshes,  and  so,  in  ahnost  precise   correspondence,  doe,    the 
am.mnt  of  diarrhoea.     A  jierio.!  is  later  readied,  towards  the  close 
of  the  hot  weeks,  at  which  the  number  of  Hies  is  still  as  markedly 
excessive  as  at  the  earlier  p-riod  when  the  amount  of  .liarrhoen 
was  increiusing,  but  at  the  later  period  the  amount  of  diarrhoea  is 
declining;  it  even  anticipites  decline  in  the  number  of  Hies      If 
the  riy  IS  to  be  regarded  as  the  carrier  of  the  organism  which 
cause,,  diarrhoea,  it  might  perhaps  have  bc-en  anticipated  that  at 
the  later  period-the  number  of  flies  still  being  excessivo  and 
infective  material  being  then  presumably  more  widelv  .listributed 
thiir.  everbefore-the  amount  of  diarrhoea,  instead  of  .showing  early 
and  rapid  d  ■cline,   would  still   be  increasing.      It  wouhl  almost 
appear  that  the  advocate  of  the  •  Hy-borne  .liarrhoea  hypothesis' 
mnst   necessarily  fall   back   in  suppoit  of  his   theory  upon    the 
hypothetical  organism,  conveyed  by  the  Hy,  which  he  may  claim 
is  afl^-cted   by   temperature    in    such    a   way  as    to  bring   about 
corresiwndence  between  the  diarrhoea  curve  and   the  Hy  curve 
The    very   closeness   of  the    correspondence    between    these    two 
curves   may  indeeil  from    this  point  of  view   be    thought    -f  as 
constituting  a  difficulty  rather  than  a  point    in  favour   of  the 
hypothesis  that  summer  diarrhoea  is  causi-d  by  Hies." 

Against  Xiven's  suggestion  that   one  of  the  exjilanations  of 
the  decline  of  the  diarrh.ieal  curve  while  the  number  of  Hies  still 
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remnins  cxcfwivc  Hainor  biiiij;"  I'oiwiu'd  twd  foiiNidimtiimM  first, 
that  the  CMTiiimmtivi'ly  (•arly  Hill  in  thf  auKiiiiit  of  iliaiiliix'a  is 
iihscivcil  in  ji;!!-*  (if  viry  low  niortalilv  as  well  an  in  \cai-s  of 
cxri'ssivoly  liiKli  iiuiitality  in  which  snch  ii  explanation  niiKht 
hold  jjood.  Secondly,  the  hy|Kithesi»  does  not  ade()uately  account 
lor  the  almost  identically  similar  behavionr  of  the  two  carves  both 
in  their  ascent  and  descent.  The  close  corres|)(aidence  between  the 
curves,  Hnmer  believes,  accords  better  with  the  view  that  both 
are  dependent  npon  variations  of  temperature  than  with  the 
hy]X)thesi9  that  diarrhoea  stands  in  direct  causal  relation  to  Hy 
prevalence.  In  his  last  rejKirt  and  in  the  light  of  three  years' 
records  (1!)07— litOO)  Hamer  is  still  nnconvinceil  that  the  evidence 
available  can  be  considered  to  snp])ort  a  causal  relation  between 
summer  diarrhoea  and  Hies  and  a  critical  attitude  is  still  njain- 
tained. 

In  rejfard  to  Hanier's  chief  criticism,  namely,  that  while  the 
number  of  Hies  is  still  excessive,  the  diarrhoeal  curve  has  begun 
to  decline,  I  t  ive  previously  pointeil  out  (1010)  that  a  cousideni- 
tion  of  the  habits  of  the  house-Hy  will  proliably  ntt'ord  an  ex- 
planation of  this  difficulty.  Flics  are  very  susceptible  to  changes 
of  temperature.  When  the  temperature  falls  Hies  become  less 
active  and  retire  into  the  shelter  of  houses  and  other  buildings, 
although  their  lunnbers,  as  indicatetl  by  captures  in  traps  set 
indoors,  may  still  be  considerable.  In  so  fa'  then  as  the  activity 
of  the  Hies  is  associated  with  the  ttmperatnre,  the  tentperature 
curve  shoidd  be  studied  in  addition  to  the  Hy  and  diarrhoea 
curves.  If  this  is  done,  it  is  usually  found  that  a  fall  in  the 
number  of  Hies  is  preceded  by  a  fall  in  the  temperature  and  that 
these  two  curves  are  associated  somewhat  closely,  that  is,  the 
numerical  activity  of  the  Hies — since  the  numbers  caught  are 
more  indicative  of  their  numerical  activity  than  of  their  PUiuerical 
abundance — is  depi-ndent  upon  the  temjx'rature  and  also,  I  have 
found,  upon  the  state  of  the  weather  and  sky.  Therefore,  it  the 
Hies  beccane  less  active,  they  will  be  less  liable  to  transmit  the 
organisms  causing  summer  diarrhoea,  and  although  the  numbers 
caught  in  the  houses  may  exceed  in  ninnbere  those  caught  earlier 
in  the  season  when  the  diarrhoea  curve  was  rising,  those  which 
are  very  active  will  be  less  in  number  and  consequently  instead  of 


I'ossim.F,  CAl-SAl,  OIl.iAXIsMs 


261 


"Mmnlm,  .,•,«,.».     1  !.■  numl,,,.  „,■..,„„„  „,.|j,,,,,,, ,  i.,  ,l,,,..„,Kvt 

Hmn;h.,.l.ut  rath,.  ,,„,.!„  .,,,,,,;:,,.;;'■'''''"'■•''''•"  •''"'"■ '• 

Ih.-  nlation  „f  U.,n|«.,„„„.,  „„,|  ,„,  ,.Hiv„v  ui'  ,|„.  Hies  I,.,. 

rh..  K.v«t  ,littie,.l,v  with  whioh  w,.  ,„v  ,i,e,.,,  i„  ,,i,.,„,„^  „,. 
'lustiui,  „t   the  relation  cf  H  ,■»  t..   th,.  imvilrn f    , 

-t  ,„v,.s„gat,„.  what  ,h,.  ,sp.eiHc.  pah,,,..,ie  o.^anisn,    ,      ' 

h«„  on,.  ,n>„l,,g,eal  factor  exists.     \-a,.io„.  „4a..i»„.       v        ™ 

Ma^s  l.„.  been  a.„eiate,l  with  .he,lyjte,y  ,Flexne,.s.l^.        ' 

Metchtukort   (1909)  bel,e>e,  that   Jiucillu,   n.hare  „,a^•   b,-   th. 

t.on.   of   the    mt..st.nal    tract  bdong,  nar    i-    ,h,.    tvnh,^.        !> 
paratvphoi,!  bacilli    ••■     -> h-,     "      ,•  tli,    tjph.ml     „d 
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()rii>  "f  the  iiiiMt  iiiteri'BtitiK  iiml  hinhly  suRKfativo  reimit-  ■>(  thr 
r.'»viin'h  Wiis  the  (li»ciiv.ry  .if  MorKiin's  lnu'illiiN  in  HiiM.  "  ftncht- 
.if  flii'S  ciiiii.-  fill-  .■xiiiiiiniiti.in  fmiii  infectfil  mi.l  iiniiif.cl.'.l  h.mms 
in  I'mlilinKtiin  lUi.l  finni  ii  cniiitry  himw  »ituiiteil  nmny  mil."  fnini 
IjinH.iii.  wh.ii'  no  cnw»  "f  .lii>rrhii.ii  hn.l  .wcnmil,  nt  nny  ml"', 
within  ft  iwliiis  of  two  niil.x.  Thi-  HifM  w.rf  killi.l  with  .'thiT 
vii|).iiir  Jiml  crushiil  with  ii  sterilf  hkI  in  iHpt.mi'  bnith.  Th.' 
r.»ult  wiis  thnt  Morffftn's  hncillnH  wan  is.ilni.il  fnini  niiH'  of  thf 
thirty-two  bntrhcs  tiimi  inffoti.l  houstn  anil  from  on.'  of  the 
ihirty-tw.)  tMitch.'s  from  uninfeoti'.l  h.iiiseB',  It  wftB  nl».i  Rot  in 
five  iint  of  twenty-loiir  batches  from  th.>  c-.nintry  hoiit..-.  Ur 
Morgan  in  th.-  c.)nr»e  .if  a  letter  t..  me  sayn  i  "I  certainly  think 
they  are  carriers  of  snmmer  iliarrh.iea,  and  the  variety  I  e^<ii.eially 
sus])ect  of  doing  this  is  the  Miisca  domettka." 

In  a  study  of  the  niicm-organisms  occurring  in  Hies  eauKht  in 
normal  surroundings  and  in  ilianh.iea-infected  locations  (iraham- 
Smith  (1012)  f.iunil  that  a  greater  projxirtion  of  Hi.'s  is  iiif.cte.l 
with  the  non-lactose-fernienting  bacteria  during  August  aii.l  the 
early  [lart  .if  Seiiteiuber  than  at  other  times.  Ot  th.'  gmiips  of 
bacilli  into  which  these  organisms  can  be  divided  the  Morgan  or 
Oa  group  is  the  .mly  one  which  occurs  freijuently  in  tli.s  from 
diarrhoea-infected  houses  and  rarely  in  non-diarrh.iea-infected 
houses.  He  considers  it  certain  that  flies  infected  with  Morgan's 
bacillus  can  contaminate  materials  on  which  they  feed  or  .ivcr 
which  they  walk. 

The  epidemiological  evidence  for  and  against  the  hypothesis 
that  the  house-fly  is  an  agent  in  the  dissemination  of  summer 
diarrhoea  has  been  subjected  to  a  m.ist  careful  and  .letailed 
examination  and  analysis  by  Martin  (1!)13),  whose  piiiK^r  is  in 
my  opinion  the  most  judicious  criticism  of  the  problem  as  it  now 
stands. 

After  pointing  out  th  it  the  observations  of  Niven  ;md  Hamer 
indicate  the  ilependence  of  both  the  number  of  flies  an.l  the 
epidemic  upon  the  cumulative  effect  of  previous  warm  w.-ather, 
Martin  calls  attention  to  the  fact  that  a  notable  feature  of  the 


>  Morgan's  bacillus  has  also   been    isolated    from   naturally  infected    tlies   by 
Nicoll  (1911)  and  Coi,  Lewis  and  Olynn  (1912).     See  pp.  iVj  and  ■.•!«. 
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c'tirvi'  Ih  that  ihi-  wiiii,-  fly  pfi|mliitioii  in  acciiiii|iiiiiii'il  liy  m  ri~'  in 
ihi'  iiuiiib.r  iif  nuiiN  in  niily  AiiKtml  and  liy  ii  fiill  In  iiiily 
Sfpti  inlHr.     If  thu  tinif  rihitiims  »!  riy  iPirialincf  ami  iliaiihiH^'ii 

cam-s  IH  l.p  1h'  roKanlcil  as  .s cthinj;  nimv  than  an  inliT«'»t.    ( 

cuinciili'ncc'  a  sjiti»lact()iy  cxplananHn  iiin»t  W-  t'laiml  tor  thcjte 
facts.  Hi>  rightly  states  that  the  nunilxi-  "f  flies  is  (le|iinclent 
ii|)iMi  the  arcuninlatcil  ertert  ef  leni|M'iiiliMe  l»oiu»ea  euii-ii|,  ial>l.> 
IMiiiKl  of  wiiini  Heather,  weeks  i.r  uuinths,  is  iei|nirei|  i  |>|(hIu(.'i' 
an  alanidance  of  flies  from  the  few  whieh  conii'  out  of  hiUTiiation. 
The  ileiHiidence  of  the  epiih'inic  npon  this  factor  is  not  so  olivioim 

in  the  absence  of  I'xact  knowleilfre  as  to  the    'iolo^jy  of  iliaiH a. 

But  assuming  an  infective  afjent  of  a  liacte  ..,1  natinv  with  which 
fiMxl  might  become  contaniinati-d  he  shows  that  thi'  dt>se  of  in- 
f.rtion  would  not  he  depend-nt  iiisjn  the  accnnmlatid  etlect  of 
teni|sTature  (hiring  the  jHvvioiis  thiei'  nainths.  It  is  jnst  con- 
ceivable that  the  virnlence  of  the  organist iglit  1 n'  iinci'd 

by  the  continued  influeiici-  of  wann  weather.  Descril  ;  the 
excellent  «  prk  i  reasons  for  snpi)osing  that  flies  could  .insinit 
the  ndective  agent  of  diarrhoea  he  says;  "  Anyont  familiar  with 
the  clomestic  nmimje  of  the  average  working  man  on  a  hoi  summer 
day.  with  the  baby  sick  with  diarrhoea  am'  other  small  children 
to  care  for,  mu.st  realize  that  the  op|s)rtunities  affiaded  for  tly 
transmission  are  ade(|uate  c^nough." 

After  di.scussing  the  data  relating  to  the  (piestion  to  which 
I  have  previiaisly  referred,  namely,  the-  decline  of  the  epidemic 
while  the  luimber  of  flies  is  still  considerable,  he  groups  the  two 
factoi-a  which  may  contribute  in  a  varying  degree  to  the  decline 
of  the  epidemic.  First,  a  fall  in  temperature,  diminishing  (»)  the 
activity  and  number  of  the  supposed  transmitters,  and  (i)  the  dose 
of  infection  which  the  chilil  ingests  owing  to  the  ett'ect  \i\),<\\  the 
rate  of  multiplication  of  the  infective  agent.  Second,  the  exhaus- 
tion of  the  more  susceptible  individuals,  as  [s.inted  out  by  Xivcn 
{I.e.),  an<l  also  by  Peters  (1!»10)  in  describing  an  epidemic  in 
Mansfield,  where,  imdcr  similar  conditions,  in  one  section  of  the 
town  the  epidemic  was  nearly  finished  whilst  in  .mother  the 
aforementioned  factors  appears  to  ])redominate. 

In  commenting  upon  the  evidence  of  Xash  and  Niven,  which 
I  have  already  given,  upon  the  relation  between  the  ninnber  of 
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flies  and  the  distribution  of  cases  of  infantile  diarrhoea,  Martin 
states,  and  I  think  justly:  "I  doubt  very  much  whether  any 
evidence  of  great  value  could  be  obtained  upon  this  point.  Even 
supposing  it  to  be  true  that  tiy  carriage  is  of  first  inii)ortance, 
I  should  expect  that,  if  all  the  facts  were  known,  a  much  higher 
correlation  wouhl  be  discovered  between  diarrhea  and  carele.ssness 
with  regard  to  disposal  of  excreta  and  protection  of  food  from  the 
visitation  of  Hies  than  between  diarrhoea  and  Hy  prevalence." 

As  a  conclusion  to  this  renume  of  the  evidence  for  and  against 
the  hypothesis  that  the  house-Hy  is  an  important  agent  in  the 
dissemination  of  sunnner  diarrhoea,  in  regard  to  which  idea  a 
critical  attitude  is,  in  my  opinion,  not  only  justified  but  conducive 
to  a  more  .satisfactory  elucidation  of  the  problem,  I  do  not  think 
I  can  do  better  than  to  ([uote  Martin's  concluding  paragraph.  He 
says:  "Man)  of  the  facts  which  J  have  brought  forward  merely 
indicate  some  form  of  infective  agent  and  do  not  necessitate 
recourse  to  the  hypothesis  that  carriage  of  Hies  dominates  the 
situation.     I  would  jK)int  out,  however,  that: 

"  1.  The  fly-carrier  hypothesis  is  the  only  one  which  otters 
a  satisfactory  interpretation  of  the  extraordinary  dependence  of 
the  epidemic  upon  the  accumulated  effect  of  temperature. 

"  2.  That  it  otters  a  ready  explanation  of  the  spread  of  infection 
to  neighbouring  children  who  have  no  direct  personal  contact  with 
the  patient. 

"  3.  That  th"  peculiarities  of  the  relation  in  time  between  fly 
prevalence  and  the  epidemic  in  ditt'erent  localities  are  not  incon- 
sistent with  the  \iew  that  fly  carriage  is  essential  to  epidemicity. 
No  other  interpretation  which  is  at  present  forthcoming  is  nearly 
so  satisfactory,  and  it  is  at  least  worthy  to  guide  in  the  lueantime 
our  eftbrts  at  prevention'." 

'  In  u  recfiit  Bulletin  Ai-mstiong  (1914)  uivts  loi  nccoiint  of  un  sUorl  ninde  in 
the  summer  ol  191S  li.v  tile  Department  of  Sooiiil  Wollure  of  New  Yorl<  to  iletemiinc 
the  importance  of  the  house-H.v  in  Mie  tra.ismission  of  diiirriioetil  diseiise  among 
infants.  Two  congested  areas  in  tlie  Italian  quarter  were  selected.  In  one  everv 
step  was  taken  to  make  the  houses  sanitary  and  flyless  by  education,  screening, 
cleaning  up,  etc. ;  in  the  other  nothing  was  done.  A  careful  census  and  weeklv 
inspections  were  made.  The  statistical  findings,  if  not  entirely  conclusive,  were 
exceedingly  interesting  and  demonstrated  an  apparent  marked  reduction  in  the 
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amount  of  ,  ,„rrhoe»  disea*  i„  the  protectetl  ,.rea.  In  the  pmtecled  area  there 
were.  ,n  dnl.hen  under  Hve  years  of  age,  twenty  ca»e»  of  diarrhoea:  di«a»o.  and 
fltty.seven  oases  ,n  the  unproteete,!  or  Blthy  area.  In  the  former  the  duration  of 
the  disease  was  37,1  days,  ,n  the  latter  the  total  days  of  sickness  were  Mt     Of  the 

awar  culture  fron,  fl.es  ,n  the  clean  area  was  13.9NB  and  in  the  dirty  area  1.106  017 
The  avemge  nun.ber  per  «y  of  bacteria  on  Conradi  plates  (indi'catinK  intes  inal 
orKan,s„,»,  was  4489  on  Hies  from  the  clean  area  and  292.117  from  flil  f™„  Ibe 
uirty  tii6fii 
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CHAPTER  XXIII 

THE  Dissemination  of  other  diseases  iiv  ki.ies 


Anthrax 

In  considering  the  relation  of  Hiu-s  to  antiirax  srvt/ral  facts 
should  be  borne  in  mind.  As  early  as  the  eighteenth  century  it 
was  believed  that  anthrax  might  result  from  the  bite  of  a  Hy,  and 
the  idea  has  been  used  by  JIurger  in  his  romance  Le  Snbut  Rouge. 
A  very  complete  historical  account  of  these  earlier  ideas  is  given 
by  Xuttall  (1S9S)).  Host  of  the  instances  in  support  of  this  belief, 
however,  that  Hies  may  carry  the  infection  of  anthrax,  refer  to 
biting  Hies.  As  I  have  already  pointed  out,  M.  dotiie.itica  and 
such  of  its  allies  as  F.  canicularis,  C.  ef//throcepliala,  C.  voinitoiia 
and  Litcilia  caesar  are  not  biting  or  blood-sucking  Hies.  The 
nearest  allies  of  M.  domestica  which  suck  bloiKl  in  England  are 
S.  calcitrans,  Haeiniitohia  stimidaiis  Meigen  and  Lijperusiii  irri- 
tans  L.;  the  rest  of  the  blood-sucking  Hies  which  maybe  considered 
in  this  connection  belong  to  the  family  Tabanidae,  including  the 
common  genera  Haematopfita,  Tabanus,  and  Chrj-sops.  These 
biting  and  blood-sucking  flies  live  ujmn  the  blood  of  living  rather 
than  dead  animals.  But  it  is  from  the  carcases  and  skins  of 
animals  which  have  died  of  anthrax  that  infection  is  more  likely 
to  be  obtained,  and  I  believe  that  such  flies  as  the  blow-flies 
(Callipfiorff  spp.)  and  sometimes  M.  domestica  and  Lttcilia  cuesar 
which  freriuent  Hesh  and  the  bodies  of  (lead  animals  for  the 
purpose  of  depositing  their  eggs  and  for  the  sake  of  the  juices, 
are  more  likely  to  be  concerned  in  the  carriage  of  the  anthrax 
bacillus  and  the  causation  of  malignant  pustule  than  are  the 
blond-sucking  Hies.     Con-seijucntly,  as  ^f,  domestica  and  its  allies 
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only  are  under  consiileration,  and  for  the  sake  of  brevity,  ilie 
relation  to  anthrax  of  the  non-biting  Hies  only  will  be  considi'ivd 
here. 

The  earliest  bacteriolojjical  evidence  in  support  of  this  l)ilii..f 
was  Rainibert  (1H«!)).     He  experimentally  proved  that  the  house- 
fly and  the  nieat-Hy  were  able  to  carry  the  anthrax  baeilliis.  which 
he  found  on  their  proboscides  and  legs.     In  one  exiwrinient  two 
nieat-tlies  were  placed  from  twelve  to  twenty-four  hours  in  a  bell- 
jar  with  a  dish  of  dried  anthrax   blow!.      One  guini'a-pJH'   was 
inoculated  with  a  proboscis,  two  wings  and  four  legs  of  a  Hy.  and 
another  with  a  wing  and  two  legs.    Both  were  dead  at  thi-  ."■nd  of 
sixty  houi-s,  anthrax  bacilli  being  found  in  the  blocKl,  spleen  and 
heart.    He  concludes :  "  Les  mouches  (|ui  se  posent  sur  les  eadavres 
des  animaux  morts  ilu  Charbon  sur  les  depouilles,  et  s'.'U  nouris- 
sent,  ont  la  faculte  de  transporter  les  virus  charlKmneux  deposti 
sur  la  peau  pent  en  traverser  les  ditferentes  conches."     I)a\aine 
(1870)  also  carrieil    out   similar  experiments   with   V.   roiiilturiti 
which  was  able  to  carry  the  anthrax  bacillus.     Bollinger  ( 1874) 
found   the  bacilli   in  the   alimentary  tract  of  Hies  that   he  hail 
caught  on  the  carcase  of  a  cow  dead  of  anthrax.     Sangree  ( 1809) 
allowed  a  Hy  to  walk  over  a  plate  culture  of  anthiax  and  then 
transfen-ed  it  to  a  sterile  plate;   colonies  of  anthrax  naturally 
developed  in  its  tracks.     Buchanan  (1907)  placed   (_'.  romitunn 
under  a  bell-jar  with  the  carca.se  of  a  guinea-])ig  (deprived  of  skin 
and  viscera)  which   had  died  of  .mthrax.     He   then   transferred 
them  to  agar  medium  and  a  second  agar  capsule,  both  of  which  sid)- 
secpiently  showed  a  profuse  growth  of  11.  antlirads,  as  one  might 
expect.     Specimens  of  .1/.  domestiai  were  also  given  access  to  the 
carcase  of  an  ox  which  had  died  of  anthrax  ;  they  all  subse.|Ui-ntly 
caused  gi-owths  of  the  anthrax  liacillus  on  agar.     I  eutirily  agive 
with  Nuttall,  who  .says:  "It  does  seem  high  time,  though,  after 
nearly  a  century  and  a  half  of  discussion,  to  see  what  woulil  be 
the  result  of  properly  carried  out  experiments.      That  ordiuaiy 
Hies  (.1/.  domesticii  and  the   like)  may  carry  about  and  d.'posit 
the  bacillus  of  anthrax  in   their  excrements,  or  cause   infection 
through  their  soiled  extericjr  coming  in  contact  with  w.anided 
surfaces  or  food,  may  be  accepted  as  proven  in  view  of  th'-  ex- 
perimental evidence  .already  presented." 
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Till  -ri'XiK'riinents  iiiily  prove  the  ability  cif  Hies  to  im'chiinically 
tmiisliT  the  iinthiax  hacilli  from  intwtcd  to  uninfected  matter. 
Grahaiii-Sinith  (1910  antl  1911),  however,  has  caiTie<l  these  ex- 
periments further  with  a  view  to  discovering,  among  other  points, 
the  length  of  time  that  Hies  may  carry  the  bacilli  or  its  spores, 
U.  itnthrticia  being  a  siK)re-bearing  bacillus  and  consetjuently  niore 
adapted  for  transference.  Flies  were  placed  tor  one  hour  in  a  cage 
containing  the  body  of  a  mouse  jiist  dead  of  anthrax,  its  body 
having  been  o])ened  to  enable  the  Hies  to  feed  ui)on  its  blood. 
The  Hies  were  afterwards  transferred  to  a  clean  cage  which  on  the 
following  morning  w,as  found  to  contain  red  spots  of  vi>mit  and 
yellowish  faeces.  B.  (Uithntcin  was  found  in  the  fonner  both 
microscopically  and  by  culturi's.  The  Hies  were  traiisfeiTcd  daily 
to  fresh  cages  and  fed  on  syrup:  at  intervals  specimens  were 
removed  and  dissected  and  cultures  were  made  on  agar  froin  iheir 
legs,  wings,  heads,  crops  and  intestinal  contents.  Cultures  were 
also  made  fnan  the  fai'ces.  As  a  result  of  these  careful  examina- 
tions, it  was  tiamd  that  the  non-sixire-bearing  anthrax  luiciHi  did  not 
remain  alive  on  the  external  parts  of  the  Hyfor  more  than  twenty- 
four  hours.  They  remained  alive  in  the  intestine  for  three  days 
antl  in  the  crop  for  five  d.-iys.  especi.dly  when  this  organ  contained 
partially  coagulaied  blood.  The  bacilli  were  present  in  the  faeces 
deposited  forty-eight  hours  after  infection.  Xo  sjwre-bearing 
forms  \w\\'  obtained  from  film  preparations  made  at  various  times 
from  the  contents  of  the  crop  an<l  the  intestine.  Experiments 
were  also  carried  on  with  the  spori's  it{  H.  antlirifcls.  An  emulsion 
of  an  old  anthrax  culture  was  made  and  heated  to  70'  C.  tiir  fifteen 
minutes,  after  which  a  number  of  flies  were  allowed  to  feed  on  it. 
These  Hies  were  then  transferred  to  fresh  cages  daih'  and  fed  on 
syruji  and  as  in  the  jjrevious  experiment  sjwcimens  were  caught 
and  disst-'Cted  at  intervals,  agar  cultures  being  made  from  theii- 
legs,  wings,  heads,  crops  and  intestinal  contents  and  faecal  de()osits. 
Smears  were  made  from  the  crop  and  intestinal  contents  at  various 
times  but  the  absence  of  anthrax  bacilli  on  microscopic  examina- 
tion demonstrated  that  the  spores  do  not  develop  in  the  fly.  This 
experinu'Ot  howed  that  flies  infected  with  anthrax  spore«  may 
carry  the  spores  up)!!  their  legs  anil  wings  tor  at  least  twelve  days, 
an<l  that  the  spores  are  present  in  considerable  numbers  in  the 
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criip  iiiid  intestinal  udiitcnts  fi.r  at  loast  si-vi'n  (lavs.  'I'liu  .viiorcs 
remaincil  in  a  living  comlitiiai  in  tlic  vomit  am!  taccal  (Upi.sits  for 
six  (lays  or  lonj^cr.  Ciilturi's  wcro  also  niadi.^  tioni  droiis  ot  sugar 
after  tho  Hies  had  been  alluwod  to  tued  upon  them  and  anthrax 
biicilli  were  obtained  on  the  tenth  day  after  the  Hies  had  fed.  It 
was  also  shown  in  another  experiment  that  the  anthrax  spores 
may  remain  alive  for  at  least  twenty  days  iipcjn  the  lejjs  and 
wings  and  in  the  intestinal  contents  of  the  tly  and  that  fleets 
(Mssed  fourteen  days  after  infection  contained  livinfj  spores.  I  Iried 
faeces  and  vomit  were  shown  to  contain  the  s|xires  in  a  vital  con- 
dition for  twenty  days.  Cultures  were  ol>tained  from  the  bodies 
of  dead  flies  four  hundred  and  twenty-eight  days  after  death  and 
proved  to  be  virulent  by  animal  inoculations. 

In  connection  with  the  experiments  of  Faichnie  and  otheis  on 
flies  bred  fnau  larvae  infected  with  R  ti/plmsii^  the  results  of 
Graham-Smith's  experiments  with  H.  (mthnicix  are  of  interest. 
The  larvae  of  C.  eri/tliroceplidlti  were  fed  on  meat  infected  with 
anthrax  spores.  The  flies  bred  from  these  larvae  were  hea\ilv 
infected  for  at  least  two  days  after  emerging.  In  a  single  si-rie's 
( if  experiments  B.  (ititliriicii  could  not  be  cultivated  either  from 
the  limbs  or  intestinal  contents  of  flies  more  than  fifteen  or 
nineteen  days  old.  It  was  found  that  flies  were  able  to  infect, 
during  the  first  two  days  after  emerging,  materiids  over  which 
they  walk,  and  to  deposit  infected  faeces. 

In  a  further  report  Graham-Smith  (1!)12)  states  that  he  finds 
that  large  proportion  of  Muxai  domextica  which  develop  from 
larvae  infected  with  the  spores  of  H.  uiithracis  are  infected. 

These  results  confirm  the  suggestion  made  by  Joseph  ( 1NS7) 
and  later  by  Nuttall  (I.e.)  that  the  non-biting  flies,  when  infected. 
may  spread  anthrax  by  depositing  bacilli  upon  wounds  or  food  and 
they  have  a  significant  bearing  upon  the  spread  of  the  disease 
among  dcanestic  animals  and  the  production  of  malignant  pustule 
in  man. 


TuitEKtui-osi.s. 

With  the  proven  existence  of  so  many  factors  contributing  to 
the  dissemination  of  the  tubercle  bacillus,  the  significance  of  ex- 
periments of  a  positive  nature  indicating  the  ability  of  Hies  to 


270         THE  DISSEMINATION  OK  OTHER   DISEASES  BV   FLIES 


transfrr  the  virulent  germs  may  appear  to  be  lessened.  A  careful 
consirliration  of  the  facts,  nevei-theless,  will  show  that  this  is  far 
from  lieing  the  case.  My  .'.\i)eriments  anil  observations  on  the 
feeding  habits  of  the  Hy  have  shown  that  this  insect  is  especially 
fimil  of  and  attracted  to  sputum.  This  is  a  n  tter  of  common 
observation  where  spittoons  or  cuspidors  are  i.sed  and  ,are  not 
kept  ill  a  clean  condition.  There  is  no  lack  of  opportunity,  under 
natural  conditions,  for  Hies  to  infect  themselves  externally  and 
internally  with  the  tubirele  bivcilli.  To  what  extent  they  may 
prove  the  means  of  infection  deiiends  upon  their  access  to  food. 
In  my  opinion  their  greatest  danger  lies  in  the  possibility  of  their 
coming  into  contact  with  the  mouths  or  food  of  helpless  infants. 

.Siiilliuan  and  Haushalter  were  the  first  to  carry  out  bacterio- 
logical investigations  on  the  dissemination  of  Baalbis  tuberculosis 
by  Hies.  As  early  as  18H7  they  found  this  bacillus  in  large 
numbers  in  the  intestines  of  Hies  from  a  hospital  ward,  and  also 
ill  the  dejections  which  occurred  on  the  windows  and  walls  of  the 
ward.  Hofifmaiin  (188fi)  also  found  tubercle  bacilli  in  the  excreta 
of  Hies  in  the  room  where  a  pitient  had  died  of  tuberculosis,  and 
he  also  found  the  bacilli  in  the  flies'  intestinal  contents.  One  out 
of  three  guinea-pigs  which  were  inoculated  with  the  flies'  intestines 
died;  two  inoculations  with  the  excreta  had  no  effect,  which  lei'i 
him  to  believe  that  the  bacilli  became  less  virulent  in  passing 
through  the  fly's  alimentary  tract.  But  Celli  (/.c.)  records  ex- 
periments in  which  two  rabbits  inoculated  with  the  excreta  of 
flies  fed  with  tubercular  sputum  d  veloped  the  disease. 

Haywanl  (1004)  obtained  tubercle  bacilli  in  ten  out  of  sixteen 
cultures  made  from  Hies  which  had  been  caught  feeding  on  bottles 
containing  tuberculous  sputum.  Tubercle  bacilli  were  also  re- 
covered from  cultures  made  from  faeces  of  flies  which  had  fed  in 
the  same  manner,  which  apparently  caused  a  kind  of  diarrhoea  in 
the  Hies,  and  they  clied  from  two  to  three  days  afterwards.  Faeces 
of  flies  fed  oil  tubercular  sputum  were  rubbed  up  in  sterile  water 
and  inji.'cted  into  the  peritoneal  cavity  of  guinea-pigs,  which  de- 
veloped tuberculosis.  Buchanan  (li)07)  allowed  Hies  to  walk  over 
a  fllin  of  tubercular  sputum  and  thi'n  over  agar;  the  agar  wa> 
then  washed  with  water  and  a  guinea-pig  died  of  tuberculosis  in 
thiiTv-six  days  by  inoculating  it  with  the  resulting  solution. 


EXPERIMENTS  WITH   ItACILLIS   TltlKltrr/.iiH/.s 


271 


Cobb  (1!I03)  i-.  „f  the  (ij.ini..n  that  l)y  thi.  infection  „r  hiinian 
HxmI  after  fue<linj,'  nimii  tubercular  »|)Utuni  Hies  ninv  be  an  ini- 
[mrtant  factor  in  the  di.iseniination  of  tuberculosis,  anil  the  force 
of  his  remarks  is  not  mitigated  bv  the  acTiil  criticisms  of  JFavs 
(lilOo). 

Loril  (1!»04)  made  a  careful  series  of  e.\|)erinients  as  a  result 
of  which  he  reached  the  tollowin);  conclusions:  Klies  may  ingest 
tubercular  sputum  and  excrete  tubercl.^  bacilli,  the  virulence  of 
which  may  last  liir  at  least  fifteen  days.  The  dangei-  of  human 
infection  from  tubercular  tiy  specks  is  by  the  ingestion  of  the 
specks  on  food.  Spontaneous  liberation  of  tubercle  bacilli  fiom 
Hy  specks  is  unlikely.  If  mechanically  disturbed,  infection  of  the 
surrounding  air  may  wcur.  He  suggests  that  tubiMcular  material 
(sputum,  pus  from  discharging  sinu.ses,  faecal  matter  from  patients 
with  intestinal  tubi'rculosis,  etc.)  should  be  carefully  protecteil 
from  tlies  lest  they  act  as  disseminators  of  the  tubiMcle  bacilli. 
During  the  Hy  season  greater  atti.ntion  should  be  paid  t.)  the 
screening  of  rooms  and  hospital  wards  containing  patients  with 
tuberculosis  and  laboratories  where  tubercular  material  is  examined. 
As  these  precautions  would  not  eliniinate  Hy  infection  by  iwtients 
at  large,  food  stuffs  shoidd  be  protected  "from  Hies  which  may 
already  have  ingested  tubercular  material.  The  impirtance  of 
these  conclusions  will  be  realised  by  those  who  are  accpiainted  with 
recent  work  on  tubercular  infection  by  way  of  the  alimentary 
tract. 

Graham-Smith  (1910)  carried  out  a  series  of  experiments  with 
Hies  artificially  infected  with  «.  tuberculosis.  A  largi'  luiniber  of 
Hies  freshly  caught  were  allowed  to  feed  ujion  an  enndsion  of 
a  culture  of  human  tid)ercle  bacilli  in  syrup.  After  feeding,  the 
flies  were  transferred  to  a  clean  cage  and  fed  daily  on  syrup. 
Smear  preparations  were  niarle  from  the  crop  and  intes'tinal 
Contents  of  the.se  Hies  which  were  caught  at  intervals.  Smears 
were  also  made  from  \omit  and  faecal  ni.iteri.-d.  As  a  result  it 
was  found  that  under  experimental  conditions  the  tubercle  bacilli 
were  present  in  the  crop  S.r  three  days.  In  the  intestine  tliev 
were  found  in  consiilerable  numbers  up  to  six  days  and  were  still 
present  after  twelve  days  and  possibly  longer.  In  the  faeces  thev 
were  numerous  up  to  the  fifth  day  and  occasionally  tl.und  u]>  to 
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thf  tnuitfcnth  ilay  nftpr  infictiim.     Ir  a  furthiT  exiKiiimnt  Hies 

Kvrv  ted  upnii  tiiberculcius  sjmtmn  niid  atti  rwanl.s iiiii-tiib«r- 

ciildUH  »|)iituin.  The  tiiberc-K.  bncilli  were  found  in  tlie  intestinal 
contents  tor  nt  least  four  days,  durin);  which  time  the  tiii'C.'s  were 
also  infi  cted.  These  careful  experiments  coiitirni  the  ennclusiuns 
of  the  previfMis  investigators  as  to  the  ability  of  Hies  to  carry 
H.  tiibemiloaia  in  a  virulent  condition. 


Cholera. 

The  necessity  of  guarding  t^id  against  Hies  in  the  l)elief  that 
they  might  di.sseminate  cholera  was  calletl  attention  to  by  .Moore 
in  1M.53,  according  to  Xiittall  and  Jep.son  (lilO!)).  He  stated  that 
"  Hie.s  in  the  East  have  not  tiir  to  pass  from  diseased  evacuations 
or  from  articles  stained  with  such  e.\creta,  to  food  cn..ke(l  and 
uncooked." 

One  of  the  first  to  suggest  that  Hies  may  dissemiiii.'e  the 
cholera  spirillum  was  Xichc]la.s  (1«73),  who,  in  an  interesting  and 
prophetic  letter,  --'id  :  "  In  lH4!t,  on  an  occasion  of  going  through 
the  wards  .if  the  Malta  Hospital  where  a  large  amount  of  Asiatic 
cholera  was  under  treatment,  my  first  impression  of  the  possibility 
of  the  transfer  of  the  disease  by  Hies  was  derived  from  the  obsei-- 
vation  of  the  manner  in  which  these  voracious  creatures,  pre.sent 
in  great  '.ambers,  and  having  ecpial  access  to  the  dejections  and 
fooil  of  the  patients,  gorged  themselves  indiscriminately,  and  then 
disgorged  themselves  on  the  Ibod  and  ilrinking  utensils.  In  18.50 
the  Superb,  in  C(jmmon  with  the  rest  of  the  Mediterranean 
squadron,  was  at  sea  for  nearly  six  months;  during  the  greater 
part  of  the  time  she  had  cholera  on  board.  On  putting  to  sea  the 
flies  were  in  great  force,  but  after  a  time  the  Hies  gradually  dis- 
appeared and  the  epidemic  slowly  subsiiled.  On  going  into  Malta 
harbour,  but  without  communicating  with  the  shore,  the  flies 
returned  in  greater  force,  and  the  cholera  also  with  increased 
violence.  After  more  cruising  at  sea  the  flies  disappeared  gradu- 
ally, with  the  subsidence  of  the  disease.  In  the  years  of  18.5-t  and 
'86()  in  this  country  the  periods  of  occurrence  and  di.sappearance 
I .  the  epidemics  were  co-incident  with  the  fly  season."  In  1886, 
Flugge,  according  to  Nuttall  and  Jepson  (/.<■.),  observed  that  flies 
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may  infect  RhkI  during  chdera  times  ami  thai  thcv  must  play  an 
;mp.irtant  |)art  in  the  .lissemiiiation  of  thf  diwascwhon  thiy  aiu 
miniCTiais.  Hf  also  draws  attention  to  the  fact  f,at  the  worst 
cholera  months  are  those  in  which  insects  abound. 

Buchanan  US!)7),  in  a  .lescription  of  a  gaol'  epidemic  of 
cholera  which  occurred  at  Bunlwan  in  June,  18!l(i,  states  that 
swarms  of  flies  occurred  ahout  the  prison,  outside  which  there 
were  a  number  of  huts  containing  cholera  eases.  N'unils'i-s  of 
flies  were  l)l(,wn  from  the  sides  where  the  huts  lav  into  the  prison 
enclosure,  wh.re  they  settled  on  the  fo,«l  of  prisoners.  Otdy 
those  pii.soners  which  v.-er,.  fed  in  th.^  g,-.ol  e.nclosure  nearest  the 
huts  acquireil  choleni,  the  others  remaining  healthv. 

Tsuzuki  (UtO-t),  repirting  u[)on  th,.  cholera  outbreak  in 
Xorthern  China  in  Ii)02,  states  that  "  Hies  in  China  ar.^  a  terrible 
Hitliction  to  th  stranger,"  and  remarks  that  if  they  are  capable  of 
carrying  about  the  chol,.ra  germ  they  must  play  an  important  part 
in  the  spread  ..f  the  disease.  His  experiments,  mentioned  lat.T, 
demonstrated  that  flies  are  able  under  natural  con.litions  to  cany 
the  cholera  .spirillum. 


Bacteriolofficat  evidence. 
Mad.lo.x  (1X8.5)  appears  to  have  been  the  first  to  conduct 
experiments  with  a  view  to  demonstrating  the  ability  of  the  flies 
to  carry  cholera  spirillum,  or  as  it  was  then  called,  the  "comma 
bacillu.s."  He  fed  the  flies  VMiphoni  mmituna  and  EHslalis 
tentix  (the  "drone-fly")  on  pure  and  impure  cultures  ,if  the 
spirillum,  and  app-ars  to  have  found  the  motile  spirillum  in  the 
faeces  of  the  flies.  He  concludes  that  these  insects  may  .act  ai» 
dis.seminators  .,f  ch.,lera.  During  a  cholera  epidemic  Tizzoni  and 
Cattani  (ISSli),  working  in  Eologna,  showed  experimentally  thal> 
flies  were  able  to  carry  the  "  c.mma  bacillus"  on  their  leet.  They 
also  obtained,  in  two  of  these  experimi^nts,  the  .spirillum  fi-om 
cultures  made  with  fli.'s  from  one  of  the  cholera  wards.  ,Sawt- 
chenko  (1802)  iimde  a  number  of  careful  experiments.  Flies  were 
fed  on  bouillon  (■ulture  of  the  cholera  spirillum,  and  to  be  certain 
that  the  subseijuent  results  should  not  be  vitiated  by  the  presence 
of  the  spirillum  on  the  exteric.r  of  the  flies,  he  disinfecte.1  them 
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cxtomnlly  hikI  thin  disMfCted  dut  thi>  iiliiiietitar)'  canal,  with  which 
he  inaile  cultiiri'S.  In  thf  cam;  nf  Hii's  which  had  lived  li)r  furtj- 
eijfhl  hiMintafter  feedinff,  the  necond  and  thini  enltnreH  reprew  nte<l 
pure  cultures  of  the  cholera  Npirilhnn. 

SiniuKinds  (1802)  in  Hanilnnx  placed  flies  im  a  t'nsh  chnlera 
inlestine.  and  allerwanis  ennfined  tlieni  tr"ni  tive  tn  t'orty-tive 
minutes  in  a  vesMel  in  which  thi'V  could  fly  alniut.  Koll  eiiltnren 
wen>  then  made  and  colonies  of  t hi'  chi>leia  spirillum  weir  olitaim-d 
after  forty-eij;ht  hotns.  Colonies  were  also  olitaiiu'd  fr.im  a  fly  one 
and  a  half  hours  aftii  haviii),' access  to  a  cholera  intestine,  and  also 
frian  flies  cau>;ht  in  a  cholera  ixist-mortein  room.  Cflelmami 
(1S!I2)  fi-d  two  flies  on  lic|UeHe(l  cultures  of  the  choliia  spirillum, 
and  after  keeping  one  of  them  for  an  hour  iit  a  glass  he  obtained 
10,500  colonies  frcau  it  by  ini'ans  of  a  roll  culture  ;  from  the  other, 
which  was  kept  two  hours  iuhIit  the  glass,  he  obtained  twciity-five 
colonies.  In  a  further  experimant  he  placed  oiu'  of  thi'  two  flies, 
similarly  infected  with  the  spirillum,  in  a  gla.ss  of  steriliseil  milk, 
which  it  was  allowed  to  <irink.  The  milk  was  then  kept  tor  sixteen 
hours  at  a  temperature  of  20 — 21"  C,  after  which  it  was  shaken, 
and  cultures  were  made  from  it  ;  one  drop  of  milk  yielded  over 
one  hundred  colonies  of  the  sp..  ilium.  The  othiT  fly  was  allowed 
to  touch  with  its  probo.scis  and  fi'ed  »\)ii\i  a  juicy  piece  of  meat 
that  was  subsequently  scr,.ped.  From  one  half  of  thi'  snrtiice 
twenty  colonies,  and  from  the  other  half  one  hundred  colonies,  of 
till  spirillinn  were  obtained.  These  experiments  show  the  ilangcr 
which  may  result  if  flies  having  access  to  a  cholera  pjitient,  and 
bearing  the  spirillinn,  have  access  also  to  food.  Macrae  (1H94) 
recortls  experiments  in  which  boiled  milk  was  exposed  in  different 
parts  of  the  gaol  at  Gaya  in  India,  where  cholera  and  flies  were 
prevalent.  Not  only  did  this  milk  become  infected,  but  the  milk 
placed  in  the  cowsheds  also  becanu'  intwted.  The  flies  had  access 
both  to  the  choliTa  stiHils  and  to  such  finsl  as  rice  and  milk, 

Tsuzuki  {I.e.}  caught  flies  in  a  cholera  house  in  Tientsin  and 
isolated  the  cholera  vibrios  from  them  by  incubating  the  flieb  in 
bouillon  and  making  plate  cultures  from  the  bouillon.  B'lies  con- 
fined in  a  cage  were  also  shown  to  transfer  the  cholera  vibrios  from 
a  cholera  culture  to  a  culture  plate  of  sterile  agar, 

Chantemesse  (1!)0,5)  isolated  cholera  vibrios  from  the  feet  of 


DIWEMIXATIOX  „r  l.l-HTHAI.MrA    IIV    fr.lEs  27., 

n'ToNTr"";"'!.  *"'!."'"  '"'"■'  ""■>■  ■""'  '"■'"  '■"'"" """'■      <iHn»n 

" ur  h,„  p,  u.,..r  (,,,,„«  „|„n  i„f,K.,..,l  ,„„„,.,•  ,.,,,1  ,hut  ,lu,i„,,  „  J|, 

"  |..r„.l  ,h,,v  „„,v  1...  earn,,|  ,,„„,  ,,i,,„„,.. .,.i,„„^.  ^.,,^^._  "■;  ' 

H..  was  ,„„.1,1..  ,„  ,h„w  that  Hi,,  ,,.,,,.1,1  r,..ai„  ,1„.  ,„„,.  i,,  i„,,t  i  " 

Imwr  than  thiit  tim,.. 

(iraha„.-S„,i,h  (U.K.,  '   „  eam,.d ,  ,,.«•  ,,,,„.,! „„  „„  ^h.. 

d,MnI.,M„„.  „r  ,h,.  ..h„l,    ,  vil„.i„s  ,,,  Hi,,.     ni,.j  „,,,.  ,',  ,,V,^;, 

"""';"  ■■'  ^■'^"''■'■"  '■"'""■'•  ■•""■'-i« "  l.r„th,alt,.,«a>i|»  th,v  w.-rc 

•.■a.,.t,.,n„  „.  a  ,-,.„h  «.«,..     At  in„.,val.  s|«.,.i,„„,„  „-,.r,.  c"a,.Kht 

o.„t,.,„s    ,h,.   e„lt„r„  b,.,„K   ,„l..s,.,,„„,u|,  ,,|„„.,,  ,„„    ,„„,  ,^|, 
.■.v.n,..n,..l  -,„cn.sc,.p,cally.     Th,.  ch„l,.,a  vi.,ri„s  w,.,v  f,„„„,  „„  ,  .J 
I.;Ks  up  t,.  thirty  h„u,^  „(„.,.  i„,i.e,i„„  b„t  „„  lat,.,-.     Th,.v  Jr 
».H„.,I  ,„  ,h..  int,,,in..  a„,l  ,T„p  ,„r  ,l„,y-,.iKht  h„„„  b„t  e„..l,l  „,„ 
b,.    „un,]  aft..r  that  .„.,...     Th..  ta,.e,.»  p,v,»..,|  ,hi,.,,  h,„>r.  aft,..- 

Th..  f„r..g„i„jj  ,..v,K.ri„„.„ts  pr,,.,.  b,.y„n,l  ,l„„bt  the  .ibility  „C 
H.,.»  t„  cany  ,h.  ch„l..ra  „rKa„i«„.  b„th  i„„  .nallv  an,l  ,.xt,.rnallv 
.n  a  v,n.l,.nt  eo„,bt„.n  a„,l  t„  infect  ti„|  ,„ra  »iK;,iHca„t  h.„gth  ;..' 
ti.,UM..t..r  fe«l,„g  up,,,,  „,.  eo„.ing  in  ontact  uith  intecte.l  nLte,- 
A,n„„g  th„«e  auth,,,^  wh„  have  expn-ss,..!  their  b,.li..,  in  th,.  ,«,.s.,i.' 
bU,ty  „f  H^s  acting  as  agent,  in  th..  ,lis»,.n,inati„n  ,.r  ch„l,.ra,  th,. 
.an,..s  „,  .Marpn,ann  (18!)7)  an,l  Ge,l,iings  (l-.O!!)  n.av  be  ■„,■„- 
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Ophthalmia. 

.Jul  7  """■  f  "^"'">-  ■•™'^"»*-''  ""  ''"i™  "'"'  ""l-rtant 
ag,.nts  ,n  the  »pr..ad  „t  ophthal.nia,  an,l  alth„ugh,  »„  ,ar  as  I  have 
lH.en  able  t,.  ,bscove,.,  „e  have  little  bacteriological  evi,ie„ce  at 
preset  to  .support  this  belief;  the  ci,.c,.,„sta„tial  ,.vidence  is  .sufli- 
c,entlyst,-„ng  to  wan-ant  it.  Xuttall  and  J,.pso„  (I,.)  ,K,int  out 
that  B,„l,l  ,.s  early  as  1862  consi,lere,l  it  was  fullv  p.oven  that  Hi..» 
..-erve  as  carriers  ot  Egyptian  ophthalmia. 

In  speaking  of  its  occ.nence  at  Biskra,  Laveran  (1880)     ■ 
that  m  the  h,,t  season  the  eyeli.ls  of  the  in.ligenous  chil,lr..n 
covere,!  with  flies,  to  th..  attentions  „f  which  they  s„b.„it;  i„  tl„, 
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wnv  thi*  intt'CliMin«  diNchiir^f  i»  nirrifd  i>ii  thi-  Ir^fH  himI  iirulxwiilcH 
of  thr  Hii'M  tn  ihi'  hiiilthy  chililnn. 

AIk'I  (1S!IH)  i|iiiiti»  thr  Ntiitiini'iitH  c.t  Hi.w.'  (IHHH)  t"  ihf 
fffrct  that  thv  luiiiilH-r  of  (.'Hhvh  incrfUNi's  rii|>i<lly  frnin  thi-  itintnt'iit 
whin  Hirs  jiri'  |iriwiil  in  liir^r  niniilMT».  Ejr  tpmhliiKvPrs  In  thr 
wuiii'  |iliici'»  whiii  HiiH  nrr  ?iiniiin>ii«.  e.().  thf  ilfltu  of  ihf  Xilo ;  in 
thi-  (l*'Ht'i-t  whfi'i'  thiTo  ari'  ffvv  Hio«  thi-iv  nn-  iiNo  tt-w  i-uhi-w  of 
ilhifSH.  Nutiv.s  and  i»|«fially  chililpii  arc  icniaikalily  iniliHcnrit 
to  th<'  attack-  '  tlios,  thiy  Jillow  thi'  Hio»  to  sittlr  in  iiuwilw  alxmt 
thi'ir  >yif,  nnck  .;  thi'  si'cii't  ioiiN,  anil  ni'Vir  think  of  ihivln^r  thiin 
away.  It  im  of  inti-i'i-Ht  to  noti-  that  Howo  wtatos  that  jiii  oxaini- 
nation  of  thr  flii's  eaptmiil  on  iliwaurd  lyon  ri'Viahd  iKuiviia  cpm 
thiir  flit  which  wiro  siniihir  to  ihiw  found  in  tho  ronjunrtival 
(H'cri'tion.  Howaiil  { l!lll),  whiwo  attention  was  callid  l>y  Howo 
to  thi'Hi'  fat'tH,  si-nl  to  Ej;y|»t  for  s|)i't'iini'nM  of  tho  tiios  coiuinonly 
swarming'  alnmt  thi'  lyi'H  of  ophthahiiie  |iatii'nts  which  on  I'Xauii- 
iiution  iiiovid  to  111'  ,1/.  dninestird.  I  have  also  ncoivid  s|n'cinii'ns 
from  Kfj/pt. 

Dr  Andrew  Bnlfonr,  fonmily  of  the  Cionlon  C'olli');i'.  Khartomn, 
in  a  li'ttiT  to  nil',  says  that  the  Koch-Wi'i'ks  liacilliis  is  jjiniraiiy 
rccognisiil  as  Iniii),'  the  exciting  cause  of  E^fvptian  ophthalmia. 
He  says.  "Ophthalmia  is  not  marly  so  common  in  the  Sudan  us  in 
Egypt,  nor  are  flies  so  niniierous:  doubtless  the  two  fads  are  asjio- 
ciatnl. '  l)r  MacCallan,  of  the  Ex'vptian  Departineiit  of  Public 
Health,  in  answer  to  my  inipiiries,  says  that  acute  ophthalniias 
are  more  liable  to  transmission  fiy  flies  than  trachoma.  In  hi.s 
opinion  the  spread  of  the  latter  is,  to  a  comparatively  small  extent, 
throiifjh  the  agency  of  flies,  but  it  is  mainly  eH'ected  by  direct 
contact  of  the  fingei^i,  clothes,  etc. 

The  Koch-Weeks  bacillus  was  first  seen  by  Koch  (I88:j)  in 
Egypt  in  ca.si's  of  acute  catarrhal  ophthalmia.  He  found  that  two 
distinct  diseases  were  referred  to  under  that  name;  in  the  .severe 
pundent  forni  he  found  diplococci,  which  he  identified  as  ery 
probably  (iuiiocimi;  in  the  more  catarrhal  form  he  foimd  sniiiU 
bacilli  in  the  pus  corpuscles.  He  ascribed  the  propiigation  of  ihe 
disease  to  flies,  which  were  often  seen  covering  the  faces  ot 
children.  Axenfeld  (1!)08)  states  that  "  almost  the  only  organisms 
occurring  in  acute  epidemics  of  catarrhal  conjunctivitis  are  the 
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K.K-h-Wi.ks  hiicilliiH  (iM'rhiiiiB  al»>  iiiHiU'iini  lmtillii»),  un.l    thr 

1" 'ii"f"<-<'ii»   (ill    Ej{)-|.l    th.'    KniHKinTiis    alwi.    mrrly   tiiblilUi. 

Olh.r  |)iil(iojr,.|,i,.  cniijiiiH'tivital  .irK«ni«iM»'  ..nly  .■XL'i>|)li..irally 
■  K-cui-.'  Anil,  liirthiT,  "  (IimiK'iKri  ami  KiK'h-W.ikr.  Imcilli  cvi- 
•liiitly  liiM'  thi'ir  fumrr  nf  cjiusiiiK  a  ciiiijiiiirtiviti»  viry  xh.wly 
inil.icl,  anil  ari'  viry  inili'|H  ndviil  .,(  any  ili!<|».»ilinn. "     Hia  »tat."- 

ni<'ht  that  ".111  aeciMint  nf  thfir  Kinit  viiiii.r ami  th,.  niaik.'il 

tawiptiliility  to  thiiii.  a  very  small  niiinlMi-  »nrti<is, "  is  ini|><>rtant 
ill  r..iisi<l,iin^'  thr  ri'lati.m  nC  Hifs  tn  th,.  spivail  i,f  thv  ilisiMsi., 
althipiiKh.  as  he  ivniarks,  ivciy  inlictinn  dms  ih>t  prijiliicr  tln' 
(lisraw.  The  fact  that  ihi-  K.K;h-\Vi'<'ks  hacilliis  c-ann.it  ivsist 
(liTiii'ss  caniHit  l«.  iir^i'd  as  an  aixniiiriit  aKainsi  the  spivad  of  thi- 
inli'eti..ii  liy  Hiis,  ,ir  th,-  same  \v,.iild  apply  t.i  the  typh.iid  Isieilliis, 

whcse  cairiaKe  hy  Hies  is  proven.     Axenfeld  nti..ns  I,.  Miiller 

and  Likah  and  Khcairi  as  ailv.K'alinjjihe  view  that  Hies  mav  spread 
the  inlic-li..n  nmri'  reailily.  In  view  ..I'  the  tint  that,  as  the  same 
anther  states,  "  Kieh-\Vei.ksconjnnc-livilis  is  to  Iw  chissid  with  the 
most  contaxion.s  infectious  disease  which  we  know  of,"  it  is  im- 
|).atant   that  the  n'le  of  tli,.s  shonlrl  lie  ivcojrnised. 

N'otwithstamlinf,'  the  (Kciirrence  in  tem|M'rate  climates  of  Hies 
in  less  ninnliers  than  in  se.eh  eoi.ntries  as  K^jvpt,  it  woidd  lie  well 
to  hear  in  mind  the  prohaMe  liiHiieiice  of  Hies  in  eases  of  acute 
conjunctivitis,  such  as  those  di'scrilied  hy  Stephenson  (1«!I7)  in 
Kngland.  The  sole  difterence  lietween  ihi'  disease  ill  Kffvpl  and 
ill  Enjjland  is,  as  l)r  Bishop  Hanii,in  |ioints  out  to  me  in  a  lett.T, 
that  "the  symptoms  iinKlnced  (in  Kjfypti  are,  from  climate  .iiid 
dirtiness  of  the  siihjects,  more  severe,  and  that  theiv  i,s  fouml 
n  greatiT  niimlier  of  cvLsesof  j;oiiorrho"al  diseas,.  than  in  Kiij,dand  "  : 
and,  I  Would  add,  a  tiir  gii^aler  i.umlier  iif  Hies,  This  disi'ase  i.s 
eminently  siiiteil  tor  dissemination  by  Hies,  hoth  on  aci-canit  of  the 
accessil.ility  of  the  infecti..iis  matti'r  in  the  lorm  of  a  purulent 
dischar^;e  fnaii  the  I'yes  and  ..n  account  of  the  Hies'  hahit  ot  fre- 
(lui'nting  the  eyes, 

A  iiuiiiher  of  writers,  aiiioiij;  whom  are  Braiim  (1882),  Deine- 
;iiades(18!l4)  and  German  (18!i(i),  refer  to  the  agency  of  Hies  in 
communicating   gononhiH.'al    and    similar    infections   of  th  •    eye. 

'  111  IhiH  connpction  tic  slates  (p,  2;t«i :   -We  cnn  iiwke  tilt  Keiieral  .latcintnt 
thiit  the  SUijiUtiUtCiKru"  in  tbe  conjunctiva  is  not  contagious," 


m 
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Abel  cites  Welaiiiler  (lH!»6)whc)(loscribea  the  infi'Ction  (if  a  wnnian 
in  rt  hiwpital.  This  jiaticnt's  bed  was  next  t(i  that  of  aimther 
patient  suffering  fnmi  blenncirrhoea,  but  a  screen  which  did  not 
reach  te  the  ceiling  separated  the  tw(i  beds.  All  means  of  infection, 
except  through  the  agency  of  Hies,  appeared  to  be  excluded. 
Welander  found  that  flies  bore  living  gonococei  upon  their  feet 
three  hours  after  they  had  been  contaminated  with  secretion. 


it: 


III 


Plague. 

Although  fleas  are  coiisidered  to  be  the  chief  agents  in  the 
dissemination  of  the  plague  bacillus,  in  spite  of  the  fact  that 
the  proof  is  not  as  yet  considered  by  all  to  be  absolutely  con- 
vincing, it  is  nevertheless  interesting  from  an  historicid  point  of 
view  to  refer  to  the  ideii-s  that  have  prevailed  and  the  experiments 
which  have  been  carried  out  in  reference  to  the  relati(jn  of  flies  to 
plague.  Nuttall  and  Jepson  (1!)09)  refer  to  the  earlier  writings 
on  this  subject.  The  prevalence  of  large  numbers  of  flies  during 
outbreaks  of  plague  has  been  referred  to  by  Knud  as  early  as  1498 
and  l)y  Varwich  in  1.577.  Mercurialis  (1577)  referred  to  the  con- 
tamination of  food  by  flies  which  had  been  fre(]uenting  plague 
patients.  The  infection  of  healthy  persons  by  contaminated  flies 
was  also  Suggested  by  Lange  (1791).  Haesar  (1882)  is  cited  by 
the  above  authors  ns  referring  to  Bengasi,  Tripolis,  where  an 
epidemic  of  plague  occurred  in  1858,  being  known  to  the  Turks 
by  the  name  of  the  "  Kingdom  of  Flies." 

Yersin  (1894)  observed  the  presence  of  dead  flies  in  the 
laboratory  in  which  autopsies  on  plague  animals  were  made.  He 
demonstrated  the  presence  of  virulent  plague  bacilli  in  such  dead 
flies  by  inoculation  experiments.  Nuttall  (1897)  conclusively 
proved  that  flies  were  able  to  carry  the  plague  bacillus  and  that 
they  subsequently  died  of  the  disease.  The  flies  were  fed  on 
organs  of  animals  which  had  died  of  plague.  He  found  that  such 
flies  might  survive  eight  days  at  12— 14°C.  and  that  they  still 
contained  the  virulent  bacilli  for  forty-eight  hours  or  more  after 
they  were  transferred  to  clean  vessels.  At  temperatures  of  14°C. 
and  higher,  the  infected  flies  died  more  (juickly  than  did  the 
control  flies  which  had  been  fed  on  the  organs  of  healthy  animals. 
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In  two  of  the  experiments  the  infected  flies  were  all  dead  cm  the 
seventh  and  eighth  days  respectively  at  temperatures  of  14°  C. 
These  facts  indicate  that  Hies  should  not  be  allowed  to  have 
access  to  the  bodies  or  excreta  of  cases  of  plague  or  to  the  food. 

Small-pox. 
Nuttall  and  Jepson  (/.c.)  give  .,ne  reference  only  to  flies  in 
relation  to  sn,all-pox.  Hervieux  (WOi)  states  that  Laforgue  at 
Tarnorna-Djedida,  Province  of  Constantino,  observed  that  during 
an  epidemic  of  small-pox  at  that  place  all  the  children  who  were 
attacked  lived  in  the  south-west  ..f  the  village  and  there  was  no 
siuall-pox  in  the  northern  part  of  the  village.  This  distribution 
of  the  disease  was  attributed  to  the  direction  of  the  prevailing 
winds,  and  observations  indicated  that  flies  and  m,.squitoes  were 
distributed  with  the  wind.  Laforgue  believed  that  flies  played  an 
important  part  in  spreading  the  virus  of  small-pox. 

Diphtheria. 

While  it  is  hanlly  likely,  as  Xuttall  and  Jejxson  have  pointed 
out,  that  under  natural  conditions  flics  would  play  any  part  in 
the  dissemination  of  diphtheria,  it  is  conceivable  that,  if  the 
necessary  conditions  of  infecti..n  cjceurred  they  would  carry  the 
infection.  Dickenson  (1907)  cites  Smith  (1898)  who  carriwl  out 
the  usual  and  hardly  valuable  experiment  of  allowing  flies  to  walk 
over  infected  matter  and  afterwards  over  culture  media,  with  the 
natural  positive  results.  The  unreliable  character  of  such  experi- 
ments is  indicated  by  the  results  of  the  experiments  which  Graham- 
Smith  (1910)  carriwi  out  with  Hacilliix  dijihtlieriae.  Two  series 
of  experiments  were  made.  In  the  first  flies  were  allowed  to  feed 
for  thirty  minutes  on  an  emulsion  of  «.  (li/ilitherme  in  saliva  and 
then  transferred  to  a  fresh  cage.  At  intervals  from  one  hour  up 
to  seventy-two  h.)iirs  aftiT  feeding  flies  were  killed  and  cultures 
were  made  on  transpari'ut  serum  medium  from  their  legs,  wings, 
heads,  crops  and  intestinal  contents.  In  the  second  series  of 
experiments  the  flies  were  alloweil  to  feed  for  one  hour  on  an 
emulsion  of  B.  di/MieriKe  in  broth  and  aftiiwards  they  were 
treated   similariy   to   the   flies    in    the   first   series.      From   the 
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tabulated  results  it  would  appear  that  B.  diphtheriae  seldom 
remains  alive  on  the  legs  and  wings  for  more  than  a  few  hours. 
In  the  crop  and  intestine  they  may  live  for  twenty-four  hours  or 
occasionally  longer.  The  faeces  passed  during  the  first  few  days 
after  infection  are  frequently  infected.  These  experiments  would 
indicate,  therefore,  the  ability  of  the  house-Hy  to  carrj'  infection  if 
suitable  conditions  occur. 


Yaws  (Frumboeifiit  tropica). 

This  disease  which  is  widely  distributed  throughout  the  tropics 
and  is  especially  common  on  the  west  coast  of  Ai-ieii  is  extremely 
contagious.  It  is  characterised  by  ulcerous  papules  which  develop 
into  fungus-like  incrustations  of  a  spreading  and  intensely  dis- 
agreeable nature.  Gudger  (1910)  has  called  attention  to  a  very 
early  suggestion  that  Hies  carry  the  infection  of  this  disease.  This 
is  contained  in  Bancroft's  Kmiii/  on  the  Xiitunil  Hi.itori/vf  Guiiiiio 
in  tiontli  America  which  volume  was  published  in  17fii).  The 
author  states:  "The  yaws  are  spungey,  fungous,  yellowish,  circular 
protuberances,  not  rising  very  high,  but  of  different  magnitudes, 
usually  between  one  and  three  inches  in  circumference.  These 
infest  the  whole  surface  of  the  body,  and  are  conmionly  so  con- 
tiguous that  the  end  of  the  fingers  caimot  be  inserted  between 
them ;  and  a  small  quantity  of  yellowish  jjus  is  usually  seen 
adhering  to  their  surface,  which  is  commonly  covered  with  Hies 
through  the  indolence  of  the  Negroes.  This  is  a  most  trouble- 
some, disagreeable  disorder,  though  it  is  seldom  fatal.  Almost 
all  the  negroes  once  only  in  their  lives,  are  infected  with  it,  and 
sometimes  the  whites  also,  on  whom  its  effects  are  much  more 
violent.  It  is  usually  believed  that  this  disorder  is  communicated 
by  the  Hies  that  have  been  feasting  on  a  disea.sed  object,  to  those 
persons  who  have  sores,  or  scratches,  which  are  uncovered,  and 
from  many  observations,  I  think  that  this  is  not  improbable,  as 
none  ever  receive  this  di.sorder  whose  skins  are  whole ;  for  which 
reason  the  Whites  are  rarely  infected,  but  the  backs  of  the  Negroes 
being  often  raw  with  whipping  and  suffered  to  i-emain  naked,  thev 
scarce  ever  escape  it." 

Gudger  (U.)  also  calls  attention  to  Kostei-s'  Travels  in  Brazil 
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in  the  years  frmn  1809-1S15,  publisheil  in  Philadelphia  in  1911  in 
which  this  author  aays,  in  reference  to  yaws :  "  This  horrible  dis- 
onler  is  contracted  by  inhabiting  the  same  room  with  a  ptient 
and  by  inoculation  ;  this  is  effected  by  means  of  n  small  Hy,  from 
which  every  precaution  is  often  of  no  avail.  Great  numbers  of  the 
insects  of  this  species  appear  in  the  morning,  but  they  are  not 
so  much  seen  when  the  sun  is  |)owerful.  If  one  of  them  chances 
to  settle  upon  the  corner  of  the  eye  or  mouth,  or  ujwn  the  most 
trifling  scratch,  it  is  enough  to  inoculate  the  hahiiH,  if  the  insect 
comes  from  a  person  who  l.ibours  with  the  disease."  In  reference 
to  these  two  statements,  as  in  many  nthei-s  where  the  woiil  "  flies  " 
is  used,  it  may  not  be  domesticu  to  which  the  authors  refer,  in 
fact  the  statement  that  the  flies  "ai-e  not  so  nuich  seen  when  the 
sun  is  iH.werful  "  militates  .igain.st  the  idea,  although  it  d.>es  not 
in  the  Ic-ast  diminish  the  possibility  of  their  being  active  agents  in 
the  dis.semination  of  inti'Cted  matter. 

Other  olwervers  adduce  similar  e\  idence.  \Vil,s<.u  (1H()8)  states 
that  in  the  West  Indies  there  is  a  prevalent  belief  that  flies  ccmvev 
the  disease  from  one  person  to  .'mother.  Two  cases  are  reixirted 
by  Hirsch  (189(i)  foi-  which  he  believed  flies  were  responsible. 
Both  jKUients  were  living  among  Fijian  children  who  were  affected 
with  the  clisea.se.  Thi'  necessary  raw  places  for  the  reception  of 
the  infection  were  present,  one  patient  having  an  uncovered  nicer 
and  the  other  sores  cin  his  feet,  both  of  which  exposed  surtiices 
would  attract  flics.  Cadet  (1897)  also  pcjints  out  that  skin  lesions 
such  as  ulcers,  the  bites  of  insects  or  other  anim.'  '  scratches,  etc., 
are  necessary  tor  infecti.in  which  may  take  p.  ,■  and  through 
direct  contact  of  iufectiil  clothes  or  by  means  of  flii's  c.irr 
the  diseased  secretions  on  their  legs. 

Experimental  evidence  is  brought  forward  by  Oistellani  (1907). 
He  allowed  J/,  diiiiiestiai  to  teed  upon  infected  matter  obtained  by 
scraping  slightly  ulcerated  piipules.  They  were  also  ted  upon  the 
semi-ulcerated  papuK's  on  the  skin  of  three  yaw  iiatients.  In  both 
Ciuses  Spirocliaeta  pertenuis,  the  causative  organism  of  this  disease, 
was  found  in  microscopic  preiiarations  made  from  the  mouth  parts 
and  legs  of  the  flies.  Monki'ys  were  also  infected  with  the  disease 
by  allowing  specimens  of  M.  duimstica  which  had  been  fed  as  in 
the  pre\i(jus  cases  to  come  in  contact  with  lesions  made  on  the 
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eyi'bnuVM  iif  the  iiKinki'y.s.  CasttUani  ia  of  the  npiniim  that  yaws 
is  gi'iiiTally  traiismittuil  from  person  to  peixoii  by  liirect  contact 
but  under  certain  circumstances  it  may  be  conveyed  by  Hies  and 
possibly  by  other  insects. 

Robertson  (1908)  took  about  200  Hies  which  hiul  been  captured 
on  yaws  lesions  and  shook  them  up  in  sterile  water.  After  stand- 
ing for  twenty-four  haul's  the  water  was  centrifufjalized  and  smears 
were  made  from  the  precipitate.  In  four  slides  the  organism 
Spirochnetii  pertmids  were  found. 

In  St  Lucia,  Windward  Islands,  NichoUs  (1912)  after  studying 
the  disease  concluded  that  the  majority  of  cases  of  yaws  in  the 
West  Indies  were  caused  by  the  inoculation  of  surface  injuries  by 
the  Hy  Oscinis  pallipes.  This  insect  feeds  on  the  skin  discharges 
of  man  and  other  animals.  The  Hies  are  very  persistent  and 
engorge  themselves  with  pus,  blood,  .serum  or  sebaceous  secretion. 


Lei'rcsy. 

Experiments  with  Hies  and  human  and  rat  lepra  are  recorded 
by  Wherry  (1908).  It  was  found  that  such  Hies  as  il.  thiinestica, 
C.  vnmitona  and  Liicilia  caesar  take  up  enormous  quantities  of 
lepra  bacilli  from  the  carcase  of  a  leper  rat  and  deposit  them  with 
their  tiu'ces ;  but  the  bacilli  apparently  do  not  multiply  in  the 
intestinal  tracts  of  the  Hies,  as  the  latter  are  clear  of  bacilli  in  le.ss 
than  forty-eight  hours.  Larvae  which  have  hatched  out  in  the 
carcase  of  a  leper  rat  become  heavily  infecte<l  with  lepra  bacilli. 
When  they  are  removed  and  fed  upon  uninfected  meat  they  pass 
out  most  of  the  lepra  bacilli  and  the  Hies  hatching  out  from  the 
pupie  of  these  larvae  are  generally  uninfected.  If  the  larvae  of 
C*.  vomitoria  be  fed  almost  continuously  on  the  carcase  of  a  leper 
rat  they  remain  heavily  infested  with  lepra  bacilli  and  on  pupating 
such  heavily  infested  specimens  appear  to  be  incapjible  ')f  further 
developnu'nt. 

A  house-fly,  M.  dnmestica,  caught  on  the  face  of  a  human  leper 
was  found  to  be  infected  with  lepra  bacilli.  At  the  beginning  of 
the  observation  these  were  few  in  number  but  on  the  t*^ird  day 
more  than  111.5  lepra-like  bacilli  were  present  in  ejich  speck 
depfisited.     However,  only  one  bacillus  was  f(>and  in  the  specks 
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(lepositefl  bctwoon  the  third  anil  sixth  flays.  The  acicl-pripcpf 
bjicilli  in  the  Hy  were  n(tt  intt'ctive  when  injt'clHl  into  the  snl)- 
ciuaneons  tissue  of  the  guinea-pi^. 

Lt'bdMif  (1912)  has  studied  the  ilisseniination  of  the  lepi-ous 
bacillus  by  the  house-Hy.  Flies  (M.  duinesiica)  fre(|uently  settle 
on  leprous  ulcers  left  ex|)(jsed.  Of  twi-nty-lhree  tlies  caughr  on 
such  ulcers  known  to  contain  uuiiiy  bacilli,  nineteen  were  f  >nnd  to 
contain  the  leprous  bacillus  in  their  intestines.  The  bacilli  wei'e 
sometimes  present  in  very  large  nuinbei-s  an<l  were  excreted  in  the 
lacccs  of  the  Hies  and  showed  no  signs  of  degeneration  e\en  after 
a  ilay  or  n\ore  in  the  intestine  of  the  Hy.  Bacilli  were  lliuiid  ii] 
flies  caught  in  the  room  and  not  directly  on  the  ulcers  but  they 
occun'cd  less  frequently  in  such  oises.  The  author  exaniim-d 
twenty-ti.,  e  flies  caught  in  his  own  house  which  was  situated 
about  one  hundred  and  fifty  yaiils  from  the  hospital  resi'r\cd  tl>r 
very  advanced  cases  of  leprosy,  but  in  no  case  did  he  Hud  the 
leprous  bacillus,  which  he  takes  as  indicating  that  the  range  of 
dissemination  is  not  very  great.  While  the  foregoing  experiments 
would  indicate  that  M.  doniefttica  is  cajKible  <jf  dis.seniinating  the 
bacillus,  it  apparently  CiM  be  infected  only  from  patients  who 
present  open  lesions  or  from  infected  discharges.  B.  teprae 
was  not  found  in  twenty-nine  Hies  caught  in  roonis  of  patii-iits 
with  only  nervous  symptoms  or  with  unbroken  skin  lesions. 
Leboeuf  concludes:  (1)  that  M.  domestica  v.:  capable  of  absorbing 
enormous  quantities  of  the  leprous  bacillus;  (2)  that  the  Ixicillus 
is  found  in  large  quantities,  apparently  in  perfect  condition,  in  the 
excruuient  of  infected  flies;  (3)  that  there  does  not  appear  to  be 
any  nmltiplication  of  the  bacillus  within  the  fly,  but  the  oiganism 
does  not  seem  to  be  degenerate;  (4)  that  it  is  possible  that  flies 
passing  from  a  leprous  patient  and  depisiting  their  excrement  on 
the  niisal  orifices,  perhaps  during  sleep,  or  upon  raw  cutaneous 
wounds  of  otherwise  healthy  persons  living  in  the  imuii'diate 
neighbourhood  of  leper  piiticnts,  may  disseminate  the  bacilli  in 
this  way. 

Minett  (1S)11)  has  also  discussed  the  question  as  to  th.'  di.s- 
semination  of  leprous  bacilli  by  flies. 

These  experiments  and  observations,  although  conducteil  with 
a  comparatively  small  number  of  flies  arc,  I  think,  suflicientlv 
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Ciinclusiv  tci  warmnt  the  CDnclusicm  that,  uiwkv  ...i-  conditions 
iiiiliciitcil  hy  Li'bu-ut;  niinifly,  abnndiiiicv  of  Hifs,  proximity  of 
U-pi-Mus  ulcers  or  infected  dischiirges  anil  exiwsed  places  for  in- 
fection on  healthy  |)ei-sons,  house-Hies  are  able  to  tmnsniit  the 
leprous  bacillus. 


DVSKNTERY. 

It  w.puld  appear  to  be  not  improbable  that  Hies,  in  view  of 
their  relation  to  typhoid  tever,  should  sometimes  be  a>;ents  in 
the  spiead  of  dysentery.  The  etiol,)gy  of  this  disease'  has  been 
a  matter  of  considerable  controversy  but  it  is  j^enerally  .-iceepted 
now  th.'it  in  the  bacillary  type  of  the  disease  one  of  the  causjitive 
organisms  is  B.  dijsenteriae,  these  organisms  being  i-eganli'il  as  the 
cause  of  epidemic  clysintery,  while  in  the  .spomdic  or  endemic 
dysentery,  usually  known  as  amoebic  dysentery,  the  cau.sative 
organism  belongs  to  the  Amoeba  group  of  prot.izoa,  of  which 
thei-e  are  probably  sever.d  .species.  The  possibility  of  Hies  carrying 
the  infection  of  both  types  .f  disease  appears  to  me  to  lie  highly 
probable,  especially  in  the  amoebic  type  of  the  disease.  The 
amoebae  multiply  on  the  intestine  by  Hssion  and  are  piis.sed  out 
with  the  tiieces.  When  the  faeces  become  hard  the  amoebae 
encyst.  It  is  not  unreasonable  to  suggest  in  view  of  positive 
evidence  in  other  cases  of  a  similar  natur<>,  that  Hies  bred  in  ur 
feeding  uiH)n  infected  hieces,  might  ingest  the  amoebic  cysts  and 
with  these  infect  fo<id. 

rnfortunately  we  have  no  exact  evidence  as  to  flies  can-ying 
dys,.iiteric  infection.  Smith  (1903)  -'ites  :  "  An  old  idea  of  some 
Anglo-Indian  surgeons  was  that  dy.sentery  could  be  caught  by 
using  the  siime  latrine  as  a  dy.sentery  patient.  There  may  be 
something  in  this., .the  ubi(irtous  Hy  may,  therefore,  be  a 
dy.sentery  inoculator  in  oikjii  camp  latrines."  While  such  in- 
oculation is  not  unlikely,  the  piobability  of  Hies  intecte.l  in  the 
latrine  visiting  food  or  patients  in  the  hospital  is  greater.  The 
possibility  of  Hies  playing  in  dysentery  a  similar  ])iirt  to  that 
which  they  ilo  in  typhoid  and  cholera  is  refeiTed  to  by  Bergey 
(1907).  An  epidemic  of  one  hundreil  and  thirty-six"  cases  of 
dysentery  which    occurred    in   an    insane    asylum  "at    Worcester, 
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Massiichusetts,  U.S.A.,  is  <lf.scribc(l  by  Ortmi  (l!)l(l)  wlm  cc.n- 
siilored  that  hciuw-Hii's  wero  rt'.sixiimiblc  tin-  thi-  I'pirlciiilu.  In 
this  pajMT  which  enntains  intfrfstiii^ohservatitnis  mi  thu  hivciliii^ 
nf  the  tliuM  in  s|x'nt  \u>\i»  and  malt  harh-y,  the  autii<pr  ilt-scribt's 
e.xiKTimcnts  whith  were  canieil  imt  with  a  view  tii  tcstinj;  his 
hyjKithi'sis.  The  jmssibility  nf  infection  Ijeing  liistriliuteil  in  such 
an  institntiun  was  apimriatnl  tu  a  jjreater  extent  nwinj;  to  the 
ilitticnlty  "fciinfininj;  the  intestinal  ilischaijjes  te  the  |)ni|iiT  place. 
The  elcithinfj  anil  lieddin),'  ef  the  patients  were  brenj;ht  te  the 
laundry  in  which  Hies  were  abundant.  In  the  experiments  H.  pm- 
ditfiosus.  being  easily  reengni.sable,  was  exixised  in  the  laundry. 
This  bacillus  was  recevereil  t'rem  Hies  subsequently  at  intei-vals 
in  ether  reeTus  ef  the  hospital.  Such  results  wetdd  appear  tu 
indicate  a  strong  pinbability  iif  the  carriage  el'  the  dysiiiteric 
iirgatiisni  under  similar  conditions  which  were  known  to  oxist. 

I  feel  eonti<lent  that  further  investigations  into  the  reijition 
of  hcMise-flies  to  the  distribution  of  the  eaii.siitive  organisms  of 
dy.sentery  of  both  types,  baeillary  and  amoebic,  will  give  positive 
results'. 


Ifjfl 


Oriental  Sork. 

This  skin  (lisfii.s<-  which  is  charactoriscfl  by  a  slowly  spic.Hlinjr, 
ulcerating  ccmdition  i*i  the  skin  is  ('ndi-mic  in  certain  tropical  and 
sub-tropical  regions  such  as  Xorthern  Africa,  Sahani  ( Biskra), 
Egypt,  Asia  Minor,  Meso|X)tamia  (Bagdad)  and  India.  Wright  in 
1903  discovered  the  so-calle<l  Leishiuan  jijinisites  in  thr  granula- 
tion cells.  Mansun  also  discovered  the  same  organism  in  cases  of 
oriental  sore  ami  cctnsidered  them,  or  a  jKinusiti-  morphologically 
identical,  as  the  causjitive  organism  of  the  sore  and  the  latter 
investigator  (1907)  suggested  that  flies,  bugs  or  other  insects 
might  be  responsible  for  the  indirect  method  of  infection. 

'  Krontoweki  (1913)  infectwl  the  Iiirviie  of  vtirious  flies  including'  M.  ilinih-stica 
with  I!.  *Ujnentcriae  and  allowed  tlifni  to  pupiite.  .\n  exainimitiuti  of  the  fueces  of 
the  resulting  llies  Kiive  nPHative  results.  The  author  elaborated  Auclii''s  experi- 
ments with  adult  Hies  and  came  to  the  conclusion  that  the  btu-teria  can  retain  their 
virulence  when  on  the  feet  m  proboscis,  or  in  the  alinientary  traet  of  the  Hy.  whence 
they  are  eventually  voided  with  the  excreta.  Wherever  flies  have  free  aicess  to 
food  and  to  infected  human  faeces  the  danger  of  dysentery  and.  aoeurdin^.'  to 
Krontowski,  epidemic  typhus  is  great. 


•iUti 


THE  DISSEMINATION  OF  OTHER  DISEASES  BV   FLIES 


Wenyon  (1911)  has  recently  miide  a  very  thnri>iigh  study  <if 
nriintnl  sore  in  Bagdad  in  which  he  investigated  the  poBsibli' 
relation  iif  house-flies  to  the  ilisciise.  He  found  that  house-flies 
apiHnreil  to  diminish  in  numbers  to  some  extent  iluring  the  hottest 
])nrt  of  the  summer  when  the  maximum  shade  teiii|)ernture  reached 
110"  F.  Flies  swarm  about  the  faces  of  the  children,  especially 
those  having  the  sore.  Such  Hies  collerted  from  the  face  of  a 
child  surtering  from  an  ulcerating  ype  of  sore  are  found  to  have 
the  intestine  filled  with  the  exudation  of  the  sore  in  which  the 
pinisites  (Leishmuniu  tnt/ncii)  were  readily  lound.  Such  a  fly 
feeding  immediately  afterwards  upon  some  fresh  abrasion  of  the 
skill  unist  certainly  in  a  number  of  instances  inoculate  the  sole 
parasite.  The  parasite  coidd  not  be  found  in  the  intestines  of 
Stomuj\i/.H  feeding  on  the  faces  of  children  with  .sores.  In  infection 
experiments  with  house-flies  no  evidence  of  the  development  of 
the  siire  parasite  could  be  found  and  they  seemed  to  disappear 
quickly.  Wenyon  concludes  that  the  limited  distribution  of  the 
disease  and  the  widespread  prevalence  of  the  house-fly  would  not 
appear  to  confirm  the  view  held  by  some  authorities  that  the 
housi'-fly  is  the  normal  carrier  of  the  disease  organism. 

In  discussing  tropical  sore  Nuttall  and  Jepsen  (1910)  i-econi 
Seriziat's  assertion  that  flies  convey  "  Bouton  di^  Biskra."  In  his 
study  of  the  disease  at  Biskra,  Liveran  (1880)  found  that  from 
September  to  October  the  slightest  wound  tends  to  become  a  sore. 
He  has  seen  it  develop  from  small  pimples  and  pustules  and  from 
wounds  caused  by  burns  or  blisters.  He  believeil  that  flies  carried 
the  virus  on  their  feet  and  proboscides  and  thus  distributed 
infection. 

There  is  no  doubt  that  in  tropical  countries  the  organism  of 
the  various  types  of  sore  can  be  mechanically  transferred  by  flies 
from  the  granulated  areas  to  new  wounds  and  thereby  inoculate 
the  same.  Its  spread  by  flies  would  be  governed  by  their 
abiindance,  by  the  viability  of  the  organism  of  the  fly  and  the 
o]iportunities  for  obtaining  and  distributing  infection.  In  this 
coimection  the  observations  of  Patten'  (1912)  are  of  interest. 
Referring  to  an  idea  entertained  by  some  workers  at  one  time 


■  Tlie  F.tiolosy  of  Kalii-Azur,  Siiliire.  Vol.  i.ixxix.  pp.  306— 30s,  1912. 
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that  Hi.»  might  net  ii»  mie  of  thr  Qimwiv  „(  the-  tropical  iii»c,i.Ht. 
Kala-Azar,  a  (Jis..a.s..  caii.sid  l,y  a  .sin-cios  of  /.eidnuimi,  ho  statod 
that  two  yiars  ago  ho  had  M  a  hirgu  iiumher  of  hrfd  hoiiw-Hif» 
(Miim,,  nebula,  an  Indian  six'cies)  on  fivsh  splrnic  jiiico  and  had 
found  that  the  para-Hitos  disappoari'd  fii.ni  tlii'  alinii-ntaiy  tract  in 
a  few  h.iur.s.  It  was  dirticult,  thcrofore,  to  nnd.rstand' how  the 
parasite  could  b..  transmitted  in  this  way.  Such  an  observation 
was  against  the  theory  that  Hies  twding  u|)()n  the  discharg.'  fronj 
an  idcerated  sore  might  carry  the  inflection.  In  another  pa|K-r 
Patton  (1!)12)  gives  further  d.tails  and  states  that  flies  fed  uiwn 
tlv  discharge  from  the  sores  and  afterwards  on  abrasions  or 
scratches  did  not  produce  the  sore  although  the  experiment  was 
carried  out  daily  for  about  a  month.  The  same  investigator  has 
mnce  brought  forward  very  conclusive  evidence  as  to  the  organism 
being  carried  by  the  bed-bug. 


m 


SypHiLi.s. 

I  have  been  able  to  discover  one  referenci'  only  to  the  |iossi- 
bility  of  Hies  acting  aa  agents  in  the-  spread  of  this.liseaw  by  the 
mechanical  transfer  of  the  Spirochaetu,  the  syphilitic  organism, 
from  a  patient  to  a  healthy  piM-son.  Dr  Kerr  ..f  JIor..cc.i,  in  a 
paper  on  "Some  Prevalent  Diseases  in  Morocco,"  read  lietiire  the 
Glasgow  Medico-chirurgical  S.wiety  (Dec.  7th  190U),  described 
epidemics  of  syphilis,  where,  according  to  the  auth..r,  the  diseasi. 
was  spread  by  Hies  which  had  been  feeding  ui»n  the  open  sores  of 
a  syphilitic  patient. 


VfA 


CHAPTER  XXIV 

MlSfELLAN'KOrs  KXPEIUMENTS  OX  THE  ('AKKIA<;E  OK 
MICHO-OKOANISMS  BY  FMES,  IIV  BOTH  XATL'KAL  ANO 
AKTIFIC'IAL   INFECTION 


Is  iuiflitioii  to  thi^'  exjuriimntal  evidoiict'  which  has  iiccuinii- 
latcil  on  the  relatinn  nf  Hies  to  M(H.'cMtic  (iiMcasc!*.  thci-i'  art-  aim*  on 
record  a  consiilemhlf  nuinWr  of  t'X|K'riiii('iitH  on  the  carriage  of 
variouH  niicro-tirganiHUiM,  not  in  every  case  pjithngt-nic.  by  Hies. 
Ah  these  eAperimeiitH  have  umially  some  particular  interest  I  have 
bnmght  tojjether  such  as  seetned  worthy  of  recoixl. 

I  have  previously  reconled  (1910)  a  very  interesting'  serieH  at' 
ex|)erinient8  carried  out  in  19()H  by  CJusaow.  Their  [wrticular 
interest  lies  in  the  fact  that  they  clearly  demonstrate  the  varied 
bacterial  and  fungal  Mora  which  the  house-Hy  normally  carries. 

Qiissow's  experiments  were  as  follows: 

Kr/tcrimenl  Xa.   1. 

A  fly  was  caught  in  his  living  nwira  (Nurwood,  London)  nt  10  A.111.  on 
May  4th  and  allowed  to  walk  over  nutrient  agar-agar  in  a  Petri  dish ;  the 
necessary  |»recauti«n»  bt-ing  taken  to  prevent  extrai:e<iUN  infection  of  the 
medium.  The  Pp*:i  diwh  was  pliice<i  in  an  incubjitor  and  kej)!  at  iH— 30"  C. 
At  6  p.m.  on  the  same  day  there  were  plain  indiL-ati<»n»  i)f  colonies  forniinj:, 
but  thoy  were  tun  small  to  allow  a  Metmralion  count. 

May  5th,  10  a.m.       7  colonies  of  bacteria  and  4  of  fungi  showing. 
„     «th,  10  a.m.     IH  „  „  5 

„     7th,  10  a.m.     :>.3  „  „  6  „ 

„     Hth.  lu  a.m.     30  „  ,.  6  ,. 

That  is,  in  96  hours,  30  colonies  of  bacteria  and  G  colonies  of  fungi  were 
observed. 

The  fungi  were  examined  and  identified  as  follows: 
'2  Colonies  of  iSaecharomyceii  sp. 
'2  „  Penicillium  gl<iuaim 

1   colony   of   Aapergillits  nigtr 
1  „  Cludosporium  /tfrbanun 
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„l,„rr  '?'■'"'■.'"  ."-"•"■,"""'"''  '"'  " "'"'"n  ...»..n«an,l  we™  ,„l,.c„l..„r«l 

pliite.!  i,iit  mill  iilpMtitiiil  lu.  fnlluwi;  ' 

M,Wm-,.,n.,  «,.„«  i  coloiiiw 

lt'ii'tU»a  lutaifin 

B'tcillt'a  coli  ctimmiiHe || 

SiinuHii  /ii/eti       j2 

R-icilli  Htaiiicd  \,y  (irimi         ...  3 

lUfilli  not  HtHiniHl  ],y  Cniin...  r» 

t'.vfM-rimvut  .Yfi.  a. 
A  aj  «,„  c.,u,«l,t  ,.t  11,3.)  ..„,.  „„  May  4,1,  „,.,  „f  ,,,.,„  „„  ,,, 

i:':^^ :::! '  - ""-«'  '•'  -"^  -« --« i„::t!'i^ 

('iil,inie»  were  (iliiiiilj-  funnmif. 
l:)  coliniio,  of  Iwc-tcrii.  ,„„|  «  i,,|„„j„,  „f  ,-,„    , 
■21  ,,  _  -  »  ■ 

3U  „  "  - 

,  -     4(i  „  ,"  - 

Thiit  i»,  ill  UJ  |,..„r»,  4(1  c..'„nio»  ..f  l,ict'fri„  ,m,\  7  ,„l,ii,i.r»  „f  f„     • 

.i.."i..«i  fv,„ii  „,i,  rt,  x„. .  Th.  f.,iigi  we,.„  iz;;:;;;!;  ni:!;""«' "''~'" 

1    cilunj'   of  Ch'lui,p„ri„m  Aerfntnim 
The  hiaena  after  beiii,  ,ul,-c„ltuml  aiij ,„1  „ut  were  idc.,„i,ie.l  „„• 


?'^iJ 


Mjiy  4th,  *!  [i.in. 
..  flth,  U)  ii.iii. 
„  mil,  lOH.m. 
,.  7th,  10  ji.iii. 
Sth,  IOft.rii 


li'triflui,  (umvH'i'HS 

Mirroiiiccm  pyixjenes  'u/rena 

iS'trrtnii  futea      

H'lfcinn  ventrkuli 
li'iciUtta  om^lobitctef 
Acid-fawt  liHcilliw 
Bacilli  MaiheU  hy  (Jniiij 
Hacilli  not  wtaineU  by  CJram  . 


iiIitnJcH 


1  colony 
4  col(»riiea 
1   colony 
4  colonics 


Experimfiit  So.  3. 

This  es,iori,„ent  wa,  i,.rlia,«  ,hc  n,u,t  i,„em,ti„g  „f  the  tlirec  a«  the  flv 

was  captured  at  10.30  a.,.,.  ,„i  May  4th  ,„i  a  d„»t.l,i,,  (NVirl'Tl™.   '    "■ 

situation  in  which  Hies  are  frcyiieiitiv  f„i„„1      ,.  ^-;""»"«'.  '"'ndonj,  a 

the  »urf,«e  of  ,iutrie„t  aga,.^^    '  ™  """"■"'  '"  """^  "'" 

May  4th,    Gji.,,,.     Signs  of  colo,iie»ol,serve<l. 

5th,  10  ^m.       18  colonic,  of  liacteria  and    7  colonic,  of  funei 


eth,  io«.L,. 

7th,  10  a.m. 
8th,  10  a.ui. 


S8 
113 
116 


10 
10 


19 


IJi 
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THE  CARRUOE  OF  VARlOUH  MICRO-OROANIHMH 


TliAt  its  after  Wi\  hount,  llfl  colunlen  of  Iiacteria  iuhI  If)  colotiim  of  fiiitgi 
weru  obtuiiifd  fntiit  thin  KiiiKlo  Hy.    Thu  fmi^i  wert'  ii)eiitihi><l  hn: 


h-HXvUlinm  ijlauvHnt     ... 

-1 

col 

)iiit>N 

KiirutiniH  H|i.      ..,         

1 

col 

>»>' 

SitrrhtiromiftvM  r*p. 

2 

t'ol 

iiiieN 

f^nnriuM  ronmiin           ...         ., 

1 

IH.l 

my 

Aniterjftfluit  itit/t-r 

.\fllt'iH'   r'tri'lHI'*!  ... 

1 

Tlitf    tNuiteria    ufter    having    Ifwii    Mul'-cultiirwl 

ai 

t|    plateti    out    wure 

idcntittwi  aa : 

U'tfiUut  iiili  rtiiiimttiif  ... 

34 
III 

col 

•iiieH 

Ihirillat  mihtiU* 

/I'fcillmi  tiiiii'-iirfiit 

M 

„ 

li-nillttg  liu'tU  iin'di 

4 

M 

Sitrfiit't  fitten 

12 

„ 

S'trcinii  vntn'rul'          

:f 

„ 

Mu-mciiccut  pyoijfites  aureus    .. 

il 

,. 

A/ifnKiiCCUs  urefie 

11 

., 

Adtl-faMt  bacilli 

o 

,, 

IW-illi  Mtniiie<l  l>y  Ormii 

4 

„ 

Bacilli  ni>t  Hbiincd  bv  Grain.. 

2 

„ 

Tho  extrt'moly  large  )iiunb«>r  and  prcimndiTatioc  of  bncilli 
curried  by  this  Hy  No.  H  shows  very  strikingly  the  infiction  which 
a  Hy  frequenting  such  miscellaneous  household  refuse  as  is  con- 
tained in  thu  avemge  housi'hold  dust -bin  nrgurbjige  may  carrj",  and 
the  results  of  such  careful  experiments  as  those  which  are  recorded 
ab<>ve  dcmonstmte  clearly  not  only  that  Hies  normally  carry  alMiut 
the  spores  of  fungi  and  bicteria  and  the  extra  infection  which  they 
obtain  by  frequenting  refuse,  but  also  their  liability  to  carry  and 
dissenunate  such  bacteria,  pathogenic  and  non-pathogenic,  with 
which  they  may  come  into  contact  in  their  wanderings. 

Manning  (1902)  obtained  cultures  of  the  following  bicteria 
from  infected  Hies:  B.  pi/uci/iineiis,  StftphyluoiccHH pyogenes  aurena, 
B.  typhi-ahdominol'ts,  and  B.  coli  cununune. 

If  Hies  have  access  to  wounds  of  an  intlammator}*  and  suppu- 
rative nature  they  are  liable  U\  tranap4)rt  the  Staphylococci  tn 
other  spots.  Buchanan  (1907)  allowed  M.  dowestica  U*  walk  over 
a  film  of  Staph ylococcus  pyoijenes  aureus  from  an  abscess,  and  after- 
wards over  agar;  a  mixed  growth  resulted,  in  which  jS.  pynffenes 
aureua  predominated.  Buchanan  {I.e.)  also  experimented  with  the 
bixcillus  of  swine  fever.    Nine  blow-fiiea  (C  voiuitoria)  wore  caught 


"T.U'Jin.On.rrr.s  AND  ,ur,ll.i:s  /.«o/,/o„,„,s  m 

on  .1...  c«n-«H,.M  „f  pig,  „.hi,h  l„..|  .lie.l  fn.,„  ,„.i„..  fi.v.T  ,l,Ti„>, 

.*7'*y'"-"rr,-  «■,.,.,.  f,„„„l  l,v  j„|,  ,  ,Hi,«^  „„  „  ^^ 

lit:;;':::;';:,;:::^;-;;—- '-<..„.„. >,.,„..,„ 

</.7.".v..v  a..,J  cl..„„  ,„nato,.H  i„  .|iH;,,,.„t  |urt«  of  a  ■•„,„„      T  /  | 

A  /»«^,,.„,„,       d  th..n  all„w..,i  t„  Hy  i„  a  larR,.  ,,„„„.     Af    r 
a  f-w  h„„,.  th,.  H,..  «,.ro  ,veap,„ro.l  a,„l  alluw'l  t„  walk    ,v 
«l.e,.  o,  sUT,  ,«ed  p„tat„  ,.„  which  c-ol,.„i,..  .„■  th,.  l,acilh,    ,,    s 
J.ntly   d..veIo,.d.      Al.,.]    r..c,„.,i»   two   instance   i,       hi       h, 
0  «e,.v..,l  spontaneous  inaction  „f  foo<l  l,v  Hi,.s  i„  h„„„.!     h,.! 
^.y  we,v  abundant.     Fli..  ......  eaptu^;.!   i„  t     so  ^    :„    a  :^ 

Jcod   s,n,y   „,    tubes   containing   ste..ilis..d    ,.tat,..     S,.v,.„ 
U,.nty-,.,ght  Hu-s  so  eaptur,.,|  i„  „„,.  house  ,L  li.  ,,r,„C,^ 

and  a  s,„,,l„,.  p„s.t,ve  n.sult  was  gi,.en  by  th, ut  o,  thi,-,,.:  h  ," 

flies  caught  m  the  other  hou.se,     Ab,.]  aceoHinglv  ,„,in,s  ou    th 
iwssdulity  of  Hies  earning  the «  .   I    "'ts  ,,ut  the 


silnili 


lar  niamier. 


no,.i  acconiingly  |H,ints  ou 
liacilli  of  typhoi,!  .and  cholera 


li 


19—2 


III 


292 


THE  CAHBIAOE  OF  VAHIOUS  MICRO-ORUANISMS 


Jl^ 


I  I  I  I  I  I 


I  I  I  ti"i°lii  MINI 


i  if     iSiiiSiiiS     '  i"  I 


£■£•   : 

ss  ■ 
es 

1^3 


i:*-<n  Stcx:,-  s^-  gq-  £«« 

^^M  01  «  25  SS  W  ^  ,H 


S    g 


;S.S.^ 


O    [^   > 


II 


BAClLLrS  PROUWIOSrs  AN-n  POLIOMYELITIS  2i)3 

In  1907  ixix.rina.nts  were  carrie.1  ■;  i,.,  Dr  y  jj  XmM 
an.l  i„y.s,,l|-  with  B.  prodigwsiis.  Fli  s  which  h:.,|  „  st  wnwir,-! 
fro.„  the  pu,«e,  an.l  therefore  „„t  al  ,.,>,  .,nu,nv:,u.d  with  nr 
extensive  bacterial  Hora,  were  allowed  ,,  valh  ..ver  a  fil„,  ,  f  th  ' 
baeillns.  after  which  they  were  cnfined  to  .stenle  ^.a!,  tub,.  ^t 
varying  periods  they  were  taken  „„t  and  all„we,l  u,  walk  „v.'.r  the 
cnltur..  plates.  Those  contained  for  over  twehe  hours  retained 
the     ,aci  l„«   on  their  appendages  and   transferred   the,,,   subse- 

quently  to  the  culture  media,  but  they  were  not  recovered  f, , 

those  flies  which  were  kept  in  conHnenient  for  twentv-fo„r  hours  • 
a  large  number  of  Hies,  however,  were  not  used 

In  discussing  the  relation  of  Hies  to  typhoid  fever  r,-fe,-ence  w,.3 
made  to  the  infection  of  nnlk.  In  this  connection  an  interesting 
nv^tigation  was  inade  by  Esten  and  Mason  (H,0«)  o„  the  ri 
«hich  Hu.s  play  in  the  carriage  of  bacteria  to  milk 

The  Hies  were  caught  l.y  means  of  a  sterile  net:  tl.ev  were 
then  introduced  mto  a  sterile  bottle  and  shaken  up  in  a  known 
quan  ity  o,  sterilised  water  to  wash  the  bacteria  from  their  bo,lies 
and  to  simulate  the  number  of  organisms  that  would  come  from 
a  Hy  falling  mto  a  quantity  of  milk.  They  summarised  their 
results  in  the  table  given  on  the  opposite  page 

^\hile  the  counts  of  the  taeteria  can  only  be  considered  as 
comparative  the  results  indicate  clearly  the  nature  of  the  so,,,": 
of  mfecfon  Commenting  on  these  results  the  authors  state  that 
early  ,„  the  Hy  sea.son  the  numbers  of  bacteria  are  eomparativeS 
large.  The  place  where  flies  live  also  determine  largely  the 
numbers  they  carrj'."  *   •' 

Puliumt/elMs. 
Experiments  have  been  carried  on  and  are  being  continued  by 
Flexner  and  Clarke  (1911)  on  the  contamination  of  the  house-fly 
w.th  the  virus  of  polio.nyelitis,  more  generally  known  as  infantile 
paralysis  or  spinal  meningiti.,.  It  was  found  that  flies  conlm £  d 
with  the  virus  of  poliomyelitis  harboured  the  virus  in  a  living  and 

hat  this  IS  the  limit  of  the  peri.xl  of  survival  and  the  experiment, 

rew  no  light  on  the  question  as  to  whether  the  virus  ifreS 

raerel'.-  as  a  superficial  contamination  or  whet 


;  could 


survive 


If 
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in  the  fly's  j;nt.  Further  t'xpcriiiicnts  reconled  by  Howard  and 
Clarke  (1912)  rlenumstraled  that  J/,  dumentt'm  retained  the  virus 
fith<'r  in  or  on  thi-ir  bodies  tor  at  least  twenty-tour  and  forty-eight 
houi-s  respectively.  They  also  showed  that  the  virus  may  remain 
in  u  viable  condition  in  the  alimentary  tract  of  the  tly  tor  at  least 
six  hours.  The  possibility  of  tlies  obtaining  infection  from  the 
infected  discharges  from  the  nose  and  throat  or  intestine  is 
indicated.  Further  reference  to  the  transmission  of  this  disease 
is  matle  under  Stomuj.'j/s  ailcitrans. 

Tri;p(in(t.siiiiies. 
On  account  of  its  non-blood-sucking  habits,  few  experiments 
have  biiTi  carried  out  with  a  \ iew  to  demonstrating  the  possibility 
of  .1/.  (lotnestica  carrying  Trypanosomes.  Ri-fi-rence  has  already 
been  made  to  investigations  on  the  relation  of  tlies  to  the  allied 
organisms  causing  Tropica!  Sore.  Kxperiments  are  recorded'  in 
which  ^f.  (loniesticii  was  fed  for  '^ — 4  minutes  on  blood  from  a 
guinea-pig  intected  with  Trt/panonoinif  hippicmn  ;  aftei-  an  interval 
of  about  80  seconds  the  tlies  wei-e  placed  over  thi  scratched  skin-s 
of  mules  for  about  five  minutes  and  it  was  demonstratecl  that  tnis 
trypinosome  may  be  transmitted  by  thr  Hii-s-. 

Surra. 

Mitzmain  (1913)  states  that   in  exijeriments  with  Stouio.ri/s 
ciilcitnnts  and  live  stock,  Surra  organisms  have  been  demonstrated 
in  the  mouth  parts  and  stomachs  of  house-tlies. 
D((tnjsz   rirus. 

An  interesting  experiment  on  the  carriage  of  Danysz  rat  virus 
was  carried  out  by  Graham-Smith  (lOlO).  Flies  artificially  infected 
with  the  virus  by  feeding  were  allowed  to  settle  and  fee<l  on  a 
piece  of  bread  soaked  in  milk.  After  one  hour  the  bread  was 
given  to  a  mouse.  A  mouse  which  had  fed  upon  bread  given  to 
tlies  ibrty-eight  hours  after  infection  died  in  two  <lays  and  the 
virus  was  isolated  from  the  spleen;  another  mouse  fed  on  bread 
given  to  the  tlies  four  days  after  infection  died  in  two  days.     In 

'  Beport  Itept.  Stniit.  Inthmiaji  Canal  Comm.,  Dee.  19H,  pp.  42,  4a. 

^  The  possibility  of  .V.  domestivu  acting  as  a  vector  of  T.  hippiciim  is  eon- 
vinciiiKly  treated  by  DarlinK  (1913)  who  suggests  that  more  attention  be  paid  to 
the  possible  relation  of  M.  dontentica  to  trypanosome  diseanea. 
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another  experiment  n  niuuse  whs  fed  i>n  liread  soaked  in  an 
emulsion  of  the  flies'  tiieces  pissed  about  tbrty-eight  hours  after 
infectii^n  and  scraped  from  the  walls  of  the  cage.  The  mouse  died 
in  two  (lays  and  the  organism  was  isolateil  from  it.  These  e.\p<Ti- 
ments  showed  that  Hies  which  hav<'  fed  on  the  virus  are  capable 
of  infecting  to  so  great  an  extent  food  on  which  they  settle  and 
feed  that  mice  fed  (ai  it  became  infected. 

litthies. 
E.xperiments  with  a  view  to  discovering  whether  tlies  would 
carry  the  \irus  of  rabies  obtaineil  during  the  larval  state  have 
been  carried  out  by  Fermi  (l!)ll).  In  tlw  first  series  of  experi- 
ments the  author  fed  Hy  larvae  on  the  brains  of  rabies  cases  and 
then  tested  their  virulence  by  emulsifying  and  injecting  subcu- 
taneously.  In  a  second  si'ries  a  fixed  virus  and  fly  larvae  were 
rubbed  into  an  emulsion  and  likewise  injected  subcutaneoiisly. 
The  lesults  indicate  that  rabies  virus  cannot  b<'  transudtted 
through  Hy  larvae.  It  appears  that  the  Hy  ennilsion  has  an 
atteimating  effect  upai  a  fixed  virus,  either  through  its  direct 
action  upon  the  virus  or  through  its  indirect  action  upon  the 
organism.  It  possesses  no  absolute  lyssicidal  powei'  since  a  virus 
mixed  with  Hy  larvae  emulsion  is  founcl  to  be  vii-ulent  when 
administered  subdurally. 

Fmir/ttt  spiifeH. 

In  the  experiments  of  (iiis.sow,  already  mentioned,  it  was  shown 
that  Hies  normally  cany  the  spores  of  moulds  such  as  Peindlliiim, 
Eiimtinin,  Miicoi;  yeasts,  etc.  Consecpiently  their  frei|ucnt  in- 
fection of  food  materials,  which  may  be  observed  if  attention  is 
given  to  the  matter,  is  readily  understood.  Gayon  (IHO:))  also 
cultivated  several  species  of  moulds  from  Hies  which  he  caught 
and  dropjjed  into  nutrient  gelatin.  ExpcTimenting  with  yeasts, 
Ciraham-Smith  (1910)  found  that  the  yeast  organisms  did  not 
appear  to  survive  for  more  than  a  finv  hours  on  the  legs  and  wings, 
but  that  they  could  lie  f.amd  in  cultures  of  the  crop  and  intestine 
for  at  least  three  days,  and  were  present  in  the  fiieces  48  hours 
after  the  Hy  had  been  infected. 

Cobb  (1906)  made  studies  of  the  extent  to  which  Hies  trans- 
ported the  spores  of  a  fungus  attacking  sugar  cane.     The  feet  of 
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a  Hy  which  had  l)feii  tVoiling  upmi  the  ,s|hiich  cif  this  tiiiiffiis  li'ft 
tracks  iif  fiiiigal  .s|)iir -s  iin  thi-  sides  of  tlii'  ghiss  vessel  in  which 
it  had  hi'cn  contaiii-d.  The  spia-es  fnini  Hvc  of  the  tiiicks  wi-ie 
calcidatc'd  and  the  nundicr  nf  spores  per  track  was  estiiiiati  d  to  l>e 
860,000.  Thi'  pcissihility  of  the  spires  heiiig  carried  l)v  Hies  in 
this  way  was  inrlicated  by  the  fact  that  such  si»res  germinated 
iukUt  suitalile  cimditinns. 

Hftcferin  ini  jiies  ciipturffi  inttler  iiiiftiritl  ci>tiiliti<iiis. 
In  a<lihti<>n  to  the  investigation  of  Glissow,  which  I  have 
recorded  at  thi'  beginning  of  this  chapter,  a  series  of  carefnllv 
conducted  experiments  has  been  carried  i>ut  bv  Cox,  Lewis  and 
Glyiui  (1!)I2)  with  a  view  to  ascertaining  tlie  number  atu'  varieties 
of  bacteria  canied  by  tlies  infecti'd  under  natural  con  litions  in 
sanitary  am]  \nisauitary  city  districts  in  Liverpool.  The  Hies  were 
captured  in  sterilised  wire  traps  which  wt-re  exposed  for  twenty- 
four  hours.  Flies  from  various  districts  were  alloweil  to  .swim  in 
measured  quantities  of  sterile  water  to  simulate  the  piillution  of 
jiifuids  when  Hies  fall  into  them  and  to  estimate  the  rate  at  which 
the  bacteria  are  given  ott'.  This  experiment  also  served  to  indicate 
the  comparative  number  of  Iwcteria  set  free  from  the  bodies  of  Hie.s 
from  dirty  or  more  cleanly  areas.  The  same  Hies  were  afterwanls 
ground  up  in  a  sterile  mortar  with  a  sterile  pestle  to  find  the 
gross  number  of  bacteria  carried  on  and  in  a  Hy  and  to  ascertain 
whether  the  number  carried  inside  a  Hy  is  always  greater  or  less 
than  the  number  set  free  even  after  straggling  in  a  liijuid  for 
30  minutes.  Over  450  naturally  infected  files  were  caught  during 
September  and  the  early  part  of  October  1911  in  different  parts 
of  the  city  of  Liverpool  and  the  number  and  kinds  of  bacteria 
carried  and  contained  by  them  were  investigated.  Their  experi- 
ments showed  that: 

1.  The  number  of  bacteria  derived  from  flies  while 
struggling  in  a  liquid  may  be  v.  ry  large  and  increase  with 
the  time  they  remain  in  the  liquid.  The  number  of  bacteria 
varies  from  2000,  the  lowest  figure  for  five  minutes,  to 
350,000,  the  highest  figure  for  30  minutes.  This  number 
may  be  taken  as  a  measure  of  their  capacity  to  pollute 
liquid  with  their  vomit,  excreta  or  bcxiiea.     I'he  number  of 
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liiictcM-iii  carried  insiile  the  Hy  is  verj-  much  grciitcv  than 
those  ciiiried  cxtiTimlly. 

•2.  Flics  caught  in  insanitary  "i-  cnngesteil  areas  iil'  thi' 
city  carried  and  cmtaiiied  (iir  more  bacteria  (aenihic), 
including  th.)sc  of  the  intestinal  gronp,  than  Hies  from  th,' 
more  sanitary,  that  is,  cleaner,  less  congested  or  suliiirlian 
districts.  The  number  of  aerobic  bacteria  obtained  from 
tiles  caught  in  insjinitary  districts  varied  from  N()0,0(K»  to 
500,000,000  per  Hy  ;  Hies  from  the  cleaner  or  less  congested 
areas  gave  from  21,000  to  100,000  bacteria  [kt  Hy. 

;i.  Flies  caught  in  the  dwelling  rooms  of  different 
corporation  houses  forming  tw.i  sides  of  a  street  about 
400  yar<ls  long  which  constituted  a  .sanitary  "oasis"  in  the 
middle  of  a  slum  district  carried  and  contained  less  bacteri.i 
of  all  kinds  than  those  from  the  chvelling  rooms  of  a  street 
with  insjinitary  jjroperty  on  each  side. 

4.  The  number  of  intestinal  bacteria  as  indicated  by 
glucose  bile  salt  fermenters  is  greater  in  insanitary  or  con- 
gested areas,  wherj  they  vary  in  number  from  10,000  to 
H:t3,000,000  than  in  the  more  sanitary  areas  where  from 
100  to  10,000  are  carried  per  Hy. 

5.  Pathogenic  bacteria  and  those  allied  to  the  food- 
poisoning  group  were  only  obtained  from  the  congested  or 
moderately  congested  areas  and  never  from  the  suburban 
districts. 

0.  Flies  caught  in  milk  shops  apparently  carry  and 
contain  more  bacteria  than  those  from  shops  with  exposed 
food  in  a  similar  neighbourhood.  The  authors  attribute 
this  fact  to  the  milk  being  a  suitable  culture  medium  for 
bacteria  after  having  been  inoculated  by  the  flies,  later  they 
re-inoculate  themselves. 

7.  A  comparison  of  the  number  of  bacteria  carried  by 
Hies  and  blue-bottles  caught  in  an  eating-house  opposite  to 
slaughter-houses  showed  that  the  latter  carried  a  much 
greater  number. 


ir 
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The  morphnlogieal  charactfiN  ami  cultural  reactions  of  123 
strains  ol'  bactPria  were  examined  by  the  authors.  Among  those 
iilentitieil  were  two  Sti-eptucaccl  and  several  Sfiiplii/liicucci  and 
><iim'inie.  One  hundred  and  six  were  small  gram-negative  mm- 
spore-bearing  bacilli :  these  were  grouped  as  follows: 

Vliniiiitifjeiiic  rjrniip:  two  strains  of  li.  pi/dcipineiis  were 
isolated  from  Hies  from  a  knackers'  yard. 

Ciildii  ifi-oHji:  -H  colonies  of  this  group  were  picked  off 
haphazanl  and  classified  according  to  JlcCiinkey  as  follows: 
Ji.  iic'iiU  li'vtici  type  ...     10-.">  percent. 

Ji.  cult  i'liiinimiiis  type       ...     12  2    „       „ 
li.  iiedpnfifanHs  type  ...      IO'.t    .,       „ 

li.  htcti.s  tternijenen  type     ...     4(i'4    „ 
Sahiifmelltt  ijnmp:  one  bacillus  gave  identical  reactions 
to  /).  entei-ititlis  Gaertner,  except  that  the  serological  tests 
were  negative. 

.\fttri)iiii'.i  Iiifiiiitilc  Diiirrlmeii  ,'/ioh;)  ;  one  identical  to 
Morgan's  Xo.  1.  and  many  others  closely  resembling  it  and 
Jlorgan's  Nos.  2  and  :1  were  obtained. 

CUhei-s  were  included  in  the  proteolytic,  acid  lactose- 
sucro.se  (saccharose),  and  mi.scelhmeiais  groups. 
The  authors  conclude:  "It  is  clear  that  Hies  from  the  subarbs 
where  infantile  diarrhcea  is  rare  carry  far  less  bacteria  than  those 
in  the  city  where  it  is  common.  It  was,  nevertheless,  impossible 
in  the  time  at  our  di.sposal  to  correlate  exactly  the  number  or 
varieties  of  bacteria  carried  by  Hies  in  the  city  with  the  number 
of  cases  and  deaths  from  infantile  diarrhoea  in  individual  streets. 

"As  the  amount  of  dirt  carried  by  Hies  in  any  particulai- 
locality,  measured  in  terms  of  bacteria,  bears  a  definite  relation  to 
the  habits  of  the  people  and  the  state  of  the  streets  it  demon- 
strates the  necessity  of  efficient  munici[(al  and  domestic  cleanliness 
if  the  food  of  the  inhabitants  is  to  escape  pollution,  not  only  with 
harndess  but  also  with  occasional  pithogenic  bacteria." 

In  his  study  of  the  micro-organisms  carried  by  Hies  under 
normal  conditions  to  which  reference  has  already  been  mi«le 
(p.  245),  Graham-Smith  found  that  more  than  one-third  of  all 
the  Hies  examined  were  infected  with  lactose-fermenting  bacilli  of 
the  colon  type. 
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Intfuthmt  Priit'izna. 

Stiles  (Iyi3)  ill  an  inU'iL-sting  note  refers  to  the  [wssiliility 
of  flies  transferring  intestinal  protozoa  such  as  Ktittininehit  cult, 
fjiitithllit  (luiiilenitlis  or  Tn'rhotti'itutu  inte-ttiiiiilis  from  faecal  material 
to  food  sniijilies.  He  suggests  that  the  presence  of  such  protozoa 
in  foo<l  supplies  might  he  taken  as  an  indication  of  contamination*. 
The  jxwaibility  ut  Hies  becoming  infecteil,  owing  to  their  habits, 
with  intestinal  aiiioi-bae  has  also  been  discussed  by  Converae 
(1!I10)  and  othere. 

In  considering  experiments  on  artificially  infected  flics  it 
should  be  rememliered  that  the  Hies  are  enabled  to  obtain,  in 
iiHtst  cases,  a  much  gmsser  infection  than  they  might  be  able  to 
obtain  under  natural  conditions.  Further,  many  factors  which 
might  pissibly  affect  the  degree  of  infectivity  under  natural 
conditions  have  not  exercised  po.ssible  adverse  influences.  Pending 
the  results  of  further  investigations  therefore,  experiments  which 
have  been  carried  out  under  unusually  favourable  artificial  condi- 
ticms  must  be  considered  in  conjunction  with  those  performed 
under  natural  conditions,  which  are  chiefly  recorded  in  the  accounts 
given  of  the  various  specific  diseases.  The  experiments  of  Giissow 
and  of  Cox,  Lewis  and  Glynn  which  have  been  described  in  this 
section  admirably  demonstrate  the  nature  and  extent  of  natural 
infection. 

1  stiles  and  Keister  (1913)  have  investJKated  this  matter  farther  with  the  result 
that  they  have  arrived  at  the  conclusion  that  the  evidence  that  flies  commonly 
act  as  carriers  of  the  spores  of  intestinal  protozoa  is  not  very  conclusive. 


CHAPTER  XXV 


THE   RELATION-  ,.F   k,.,es  TO   MVIASIS   AM.  TO  THK 
SI'HKAD  OK   IXTESTI.NAL   WUH.MS 

Myiasis. 
THE„ccurronee  of  the  ia...,.  „■■  ,„„jjj,,„s  „f  Hi...  „f  .lim.rent 
speea.  ,„  the  human  l„„ly,  where  they  ,„„st  e,.„.n,„„ly  „e  ti„.„,l 
m  the  ,ntest,„al  traet  a„,l  less  fre,|ue„,ly  in  the  urinary  passages 
usually  leads  to  a  .iisease.l  con.lition  to  whieh  the  ten,,' Myiasis  is' 
applied  For  many  years  eases  of  myiasis  haye  b,.e„  r"eeord,.d 
and  references  to  such  eases  are  widely  scatt.Ted  through  me,lical 
an,l  scientific  literature.  In  a  large  numher  of  instances,  especially 
in  he  cases  of  the  earlier  reconls,  the.  identity  of  the  species 
of  larya  was  not  determined  and  in  l.„t.  until  recently  the 
.termination  of  dipterous  laryae  was  a  matter  of  consid'emhie 
difficulty  owing  to  our  lack  of  knowledge  of  the  deyelopmental 
histones  of  even  the  eomnioner  species. 

In  a  recent  brief  review  of  our  knowlclge  (I!II2)  I  have 
collected  a  number  of  the  more  iin,x,rtant  aii.l  typical  cases  of 
myia.sis  of  the  intestinal  and  urinary  tracts.     AiKsien  (UI12)  has 

''f*'n'"'"T  !  '"  ••^™'->-^»'"Pl'^"-  ••""!  e.xeellent  .account  instances 
of  British  flies  which  have  been  found  in  ca.ses  of  myiasis  in  man 
to  which  account  I  am  indebted  for  many  of  the  cases  to  which 
reference  will  be  made. 

The  species  whose  larvae  have  been  recorded  as  causin.r 
myiasis  in  man  are  as  follows: 

The  House-fly,  Musca  (himestiai. 

The  Lesser  House-fly,  Fannta  camculan„. 


The  Liitrine  fly,  /'« 


aUins. 
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The  Bli>w-Hif«  iinil  Bhii-  or  (IriMn-bottlr  fliis,  Vdlliiihtim 

s|)|).,  I.iiriliii  spp,  imil  Sit  irojilidifii  spp. 
MHMcina  siiihitliiiis. 

The   Knot   Jlugj^nt  flj',   Alitliiimi/iil   rdilicillli. 
The  ChufMu  Miiggdt  Hy,  I'inpliila  niwi. 
The  Dri>nt'  fly,  Krlsliili/i  teiitu: 
Theret'it  sp. 

TUe  Huiise-Jltf,  AIuscii  cl(»nn'stiea. 
In  vii'w  of  the  iil)un(laiice  of  this  spcciea  nnrl  it»  haliits  it 
is  somewhat  reniiirkalile  that  it  has  not  heen  loore  freiiuentlv 
reconU'il  in  cases  of  intestinal  myiasis.  Austen  states  that  only 
two  eases  have  l)een  hrought  to  his  notice:  in  hoth  cases  the 
larvae  occnrred  in  infants.  In  one  case,  the  larvae  of  Miisni 
(Idiiiexticd  Were  "voided  from  the  alimentary  canal  of  a  male  infant 
aged  seven  months"  togethei'  wi  !■  the  l;irvae  of  Fda.iid  ami- 
c'ildfi.t.  The  larvae  were  of  dirtV.v.'  ,  ges.  Larvae  of  ,1/.  i/oH(e.i</fi( 
have  lieen  tbund  ly  me  (1!)0!))  in  the  stools  of  a  child.  Cohii 
(181)8)  also  reconls  the  occurrence  of  the  eggs  in  like  material. 
Nicholson  (1910)  reconis  three  cases  of  intestinal  rectal  myiasis'. 

The  Lesser  HuiiHe-fiy,  Faimia  canicniaris,  dud 
the  Ldtrine  jti/,  F.  scalaris. 
These  two  species  would  appear  to  be  most  common  in  cases  of 
myiasis  of  the  intestinal  and  urinary  tracts.  As  long  ago  as  1H39 
Jenyns  n.'corded  the  case  of  a  clerg;,  man  about  70  years  of  age, 
who  complained  of  general  feebleness,  loss  of  appetite  and  a 
(lisiigreeable  epigastric  ti^eli.ig  of  a  tremulous  character.  These 
.symptoms  began  in  the  spring  of  183C  and  it  was  not  until  'the 
autumn  that  the  larvae  were  observetl.  They  were  expc'led 
rejwatedly  in  large  numbers  and  their  expulsion  in  this  manner 
continued  for  several  months.  The  larvae  were  about  eipial  in 
size  and  extremely  active  on  their  appearance.     The  malady  did 

1  Felt  (1913)  records  a  case  of  myiasis  caused  by  tlie  lar^-ae  o(  .V.  diwiextim. 
The  infestation  presumably  arose  from  canned  sardines  wliicli  had  probably  been 
left  exposed,  as  e(,'Ks  and  larvae  were  found  in  the  tisll  of  four  out  of  six  Iwxts 
examined. 

Jones  (1913)  describes  the  occurrence  of  twenty  to  thirty  living  larvae  of  .V. 
iloiiie^tiai  in  the  stomach  of  a  fatal  case  of  hepatic  abscess.  The  dis"  se  and  the 
occurrence  of  the  larvae  was  no  doubt  a  coincidence. 


MYIASIS  CAI-.SEI)   MY    /M.V.V/.l    Sl'l'.  ;«)3 

"'".■■'■'•'"■  "'"I   ""■  '■vacmli. f  th,.  larv.i..  cra.s,.,l  ,hn,tlv    th- 

l«t,.nt.,  health  Kra,l,mlly  iniprnv,,!  l,„t  nut  ,.,„„n|,.,,.lv'  '  Th,. 
nuthor  eallH  nttentic,  t„  th,.  tact  that  the  ,v,m,„„.,„  „m,l,'  th,.i,. 
upiRnranu,.  ,„  ,h,,.  s|„.ii,K.  l,„t  ,h,.  larva.,  ^u■n■  „„t  oxi„. I  ,„„il 

^'  T'"""''  " '"*'"""  '"l'"«i»K.     It  w,.ul,l  a,,,«.«r,  .h,r,.t;,r,. 

that  th.y  .„t..r..,l  th.  s„„„ach  i„  ,h,.  ,.«„  Mat,.  an,|  aft..,-  hatchm^ 
p..».s,..l  .nt,,  th,.  ,„t,.>tin,.  wh,.,.,.  th,.y  n,,,,,,!,.,,.,!  th.ir  ,n„«th 
l-roi,,  th,.  ,h.»m|)ti„i,  an,l  Hifiin-s  which  th,.  aiithur  iriv,.s  ,i(  th.-«,. 
l...rvao  th,.y  w„nl,l  a,.|„.ar  f,  1„.  /■.  ,,.„/„,,•.  an,l  n,.t  K  r.u.lr.hrh 
as  was  siipjMiscii. 

In  IS7i;  ,Ju,|,|  ,|,.,,,,1,.,1  ih,.  .lis,.ha..K,.  „f  th,.  larva.  „f  F. .r,,/,,,-,: 
lr„ni  th,.  nit,.stin,.  I,y  a  l„,v  in  K,.nlii,.kv   TS  A 

.St..ph,.,Ml !.(..-„  r..c.„r,ls  tl,e  i^s^.k,"  ,.f  tw„  h.rva,.  /,«,■  ,y,;.,n,. 
one.  „f  wh><.h  was  ,l..s...ril„.,l  as  A'.  c„„i,.„l„n.  an,l  th,.  „th,.r  as 
.l/««.,r  ,.,„.,.,„„,  I,„t  (■,.„,„  ,h,.  ,.,„h„,.,  di.,,,i|,ti„„  I  ;„„  i„^.|i,„,,|  ,„ 
bi.lii.v,.  that  the  latt.].  was  .)/,  tlunmtini. 

Tlie  uecnironco  in  the  int,.stine  „t  a  v,)nth  ,.f  what  «„nld 
appear  t,,  1.,.  the  larvae  „f  „„e  „f  thes,.  "species  „f  Faunia  is 
r.-.c„„le,  by  Catth.  (!!.()«).  This  |«tient  e„ns„|t,.,l  the  anth.r  in 
hepten.her  1!)05  an.l  ,tat,.d  that  he  ha,l  ,«sse,l  the  larvae  a 
basinful  at  a  time  per  ,m,nn.  F.,r  s„n,e  w..eks  he  ha,l  „„t  bee., 
lec'ling  well  an,l  n„w  cn.plaine,!  .,f  abden.inal  ,li.sc„mf„.t  The 
chief  trouble  was  ap,«rently  an  i^,aginati^•e  „„e,  indued  „„ 
doubt  b,-  the  .,j;ht  „f  the  living  larvae  in  his  fae.ces.  He  had  no 
vomiting  or  other  gastric  or  intestinal  symptoms.  The  larvae 
gradually  left  the  patient  although  so  late  a,  March  11)00  one  or 
two  at  a  time  were  occasionally  seen. 

Tulpius  (l(i7:!)  rerords  the  jjassage  of  21  small  larvae  from  the 
urethra.  From  the  figure  which  is  giv..n  it  would  appear  that 
these  are  F.  cumcuhtru.  In  17U2  Veau  de  Uunav  reco.ded  the 
occurrence  of  an,l  figured  a  larva  which  resembles  /'.  c<„dcuhvi,. 

Chrevil  (I!)Of)),  in  an  admirable  an,l  complete  summary  of 
previously  record..,l  cases  of  myiasis  of  the  urinary  tract  of  which 
a  critical  exammation  is  made,  gives  an  additional  cas,"  of  the 
occurrence  of  the  larva  of  /'.  ™«/™;.,m  in  a  woman  of  fifh-five 
who  sutTere.)  from  albuminuria  and  urinate,!  with  much  difKculty. 
On  .May  2«th  thirty  or  forty  larvae  of  F  awiciihris  of  ,lirter..nt 
sizes  were  passed. 
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III  It  crnic  ijf  thi'  (H!ciirn'nci>  of  F.  mniculitnt  in  the  I'nitiil 
StnUM  ri'|)<)rli'il  hy  Blaiikiiifjcr  (11M)7)  it  in  Btiitwl  that  "the 
iiytii|)tom»  ciiiwihtfii  of  ttlxloiiiiniil  piiiim  itnd  clistciitinn  iinil  liloinly 
(li«rrhcM'u  followiil  by  coni(ti|>ntion."  A  saline  purxativr  resulted 
in  the  piiHsinK  of  a  bulky  stool  which  was  found  alive  with  the 
larval'  imiiil«riiig  fnini  UKK)  to  15<K).  A  lew  larvae  continued  to 
be  passed  for  a  few  weeks. 

Austen  refers  to  the  only  case  uf  uri'thral  niyiasis  known  to 
him  in  Kngland.  In  this  case  which  was  reixirteil  by  I)r  J.  F. 
Palmer  to  the  t:he!sea  Clinical  Society  in  1!K)1  a  single  larva 
identified  by  Austen  as  /'.  sailans  was  irasseil  /in-  ufelliniin  by  a 
niale  jMitient, 

A  case  of  vaginal  niyiasis  in  an  old  beggar  woman  is  ilescribed 
by  l'ieter(l!tl2). 

Ijilsiulliene  (lS5(i)  reconls  the  rearing  of  the  larvae  belonging 
to  this  genus  from  the  intestine  of  a  woman  who  had  suffered  for 
some  time  from  stomachic  [lains  with  loss  of  sleep  and  ajiiR'tite. 
On  October  12th  she  took  castor  oil  and  after  violent  I'flforts  and 
a  further  duse  uf  an  emetic  she  vomited  altogether  about  seventy 
larvae.  The  expulsion  of  the  larvae  was  followed  by  a  regaining 
of  the  apjKaite  and  sleep.  In  liM)9  I  reconled  the  occurrence  of 
the  larvae  of  F.  cimkularis  in  the  sttKils  of  patients  suHering  from 
intestinal  disorders.  Soltau  (1!(10)  has  reconled  the  occurrence  at 
I'lymouth  on  May  2Hth  of  the  larva  of  /'.  cankidaria  in  the  stools 
of  a  man  who  had  not  previously  had  intestinal  pains.  The 
occurrence  in  September  190!)  in  the  faeces  of  a  boy  aged  12  of 
the  larvae  of  a  species  of  Fannia  has  been  described  by  Garrood 
(1910). 

The  occurrence  of  dipterous  larvae  in  the  intestine  is  recorded 
by  Ho|)e  in  1840,  but  in  these  earlier  records  it  is  frequently 
im|iossible  to  determine  the  species. 

The  Ulmv-fiiea  uml  Blue-  vr  Green-bottle  flies.  Calliphora  spp., 

Lucilia  spp.  and  Sarcophaga  spp. 

The  larvae  of  these  species  of  flies  are  chiefly  sarcophagous 

feeding  upon  wounded  and  ulcerated  surfaces  in  various  mammals 

including  man.     Cleland  (1912)  records   the   occurrence   of  the 

larvae  of  Calliphora  in  an  ulcer  from  a  leper.     In  1905  some  eggs 
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.•«l.-) 


Wi'lv  (like 


ni  till'  xi.,,,1  „|  a  |iatj<'iit  »iiH,. 


til"  Miuiili.stir  (ii'iK'ml  liiHrii 


ill),'  111 


1  <lliilTlliii-a  ill 
.  """■>■  '""I  «riv  >.iit  I,,  „„.  t;„.  c.vaiiii- 

'lu'sv  Hi..s  ,1,  til,.  iiil,.»,i„al  ,„■  ui-iimiy  lra,l>. 

.MM?.i'iiia  Mtalmlan-. 

IWWiiiiskj-  (li||:„  „„„„; ,|,„  ,,„..„„   ,[„,„„„ 

"hlc-h    was    l„.„„Kl,t    t..    hi,    „,„ i„   „l,i.,|,,   a,.,.„rd,i„,    ,„    ,|„ 

pliVi^'iniis  iv,,.,,-,.  ,l„.  larva,.  «c.|v  In  ,1,,.  mail's  I„„K  ,,,,,„  „ , 

N..v..iiilH.rlim!lt„MaH.  liMO,,, ,  .U,ri.,  ,U.- \.tiC  '^Z 

Kiv,..    ,„i„  a.1,1   ,ick.„.s,    „.i,h    v,„„i,i„„.     Ki ,a„„„,,     ,,.„, 

''"«a„l.,  h,,  ,,„.,,,  c„„.aii„.,|  1,|,„„|,      Kiiiallv,  ,|uni,.  ,|„.  ,,„  ,|a,, 
t"ll"«lliK  tlu.  ii,|,.,,i„„  „,•  ,a„„i„,  „1„„„  .-,0  lai-,a,.  „)■   1/  ./„/,„/„;,;, 

this  s,„..cios  ,s  „,„  „,IV,.,|U,.„,ly  ,1,..  ,.aus,.  ,.  „„„Mi„al  ii, ',a„,. 
The  Ho„t  3[„g,j„t  AVy,  Ai,th..niyi.i   ia.|i,„,„. 
Tlu.  b|..e,li„g  l.,bit3  of  Ihis  riy  have  ali...a,ly  Ik.,.,,  ,,i,„„,,,, 

(..  -14  .     Ai.st™  Uc.) i,ti„„s  a  miikI,.  v^.,ri  ..f  ,h,.  ,..,.,„.,.,,,,,. 

ot  the  larvae  ol  this  ,,H.eie.s  i„  the  laeee.  ,„  a  ehi|,i  which  ,|i,l  i„„ 
.l,»,>lay  any  »y,.,pt,i,n,  „f  ill  h,.alth,  Th,.  larva.,  which  w.,-,.  „a,..,| 
in  the  hieces  for  »„„„.  ,l„y,  .„„„  ,ii,a,,,«.a,.,.,l  afle,  tl„.  a.l,„ii  istra- 
tiiiii  ot  castor  oil 

Tli^  ""■         :       „,•  Fly,  F,„,,hila  eas,.,. 
Austen  (Ac.)  reconls   three    cases    ut    the    „ccu,-rence    i„   ,h.. 
hu,.,an  body  of  this  riy.    These  larvae  are  the  well  known  „,a.J   , 
">■     skippers     wh.ch  are  foun.1  in  ch..ese.     I„   1h,„j  a  cuse   ,v„ 
.■q.«rte,l  ,„  Lon,lon  of  a  wo,„an  of  forty-nine  veai.  of  age  who 
had  been  atten,l,nK  the  throat  hospital  for  eigi.teen  months  ,, 
chronic  pha^ngitis,  etc.     For  three  weeks  she  „ot,c,.,l  a  n,.ofus.. 
watery  d.scharge  fron.  the  nose  and  experience,!  ,h,.,p  , Lis  i„ 
1  ;lett  Irontal  region.    The  di.soharge  was  never  pi.rnlen;.  \-ano 
Litions  were  used  without  success  until  ,iil„te  Man.ll  solut.,,,,  w., 
eiiipKiyed  when  four  larvae  of  P.  csei  were  discharge.1       ^ 
h,«  examined  adult  Hies  bred  from  a  case  of  intestinal  myi, 
London,  and  Rondani  records  the  expectoration  of  th.  ll!I     ' 

H.  H.-F. 
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this  species  in  Italy  by  a  patient  suffering  from  an  aB'ectinn  of 
the  chest. 

Haris(l!)I:i)  recoiils  the  discharge  of  larvae  u{ Piophilii  together 
with  those  of  Anthumyiu  from  a  young  man  (20)  of  Dijon  suffering 
from  intestinal  haemorrhage  anil  couii)laining  of  pains  in  the  anal 
region.  A  ilecoction  of  absinthe  leaves  successfully  caused  the 
discharge  of  the  larvae,  nuinenius  lar\ae  appearing  subseipiently 
at  regular  intervals.  A  cure  was  effected  by  a  few  weeks'  treat- 
ment with  chlorof<.nn  enemata  and  strong  doses  of  thymol. 

Mode  uf  Infection. 

In  the  majority  of  cases  of  intestinal  and  urinary  myiasis  the 
larvae  of  the  two  species  of  funniu  have  been  found.  Less  fre- 
ipiently  the  larvae  of  .)/.  dumestka  have  occurred.  The  larvae  of 
these  species  and  also  of  A.  radicmn  breed  in  excrement  and 
decaying  vegetable  products,  atid  the  female  Hies  guided  by  theii- 
.sense  of  smell  and  impelled  by  their  natural  instincts  seek  such 
substances.  Owing  to  the  fact  that  these  flies  are  attracted  to 
excrement,  decaying,  j.iitrefying  or  purulent  substances  or  matter 
.several  methods  of  infection  are  rendered  possible. 

In  the  case  of  intestinal  myiasis,  the  flies  may  have  deposited 
their  eggs  in  or  upon  rotting  or  decaying  fruit,  vegetables  or  other 
food  which  may  be  eaten  in  a  mw  state,  and  thus  the  eggs  or 
young  larvae  will  be  taken  into  the  digestive  tract.  Or,  the  Hies 
which  are  generally  to  be  found  depositing  their  eggs  in  the  old 
style  privies,  may  deposit  their  eggs  in  or  near  the  anus,  especially 
if  the  person  is  somewhat  costive.  The  larvae  on  hatching,  make 
their  way  into  the  rectum  and  thence  into  the  intestine.  This 
latter  mode  of  infection  is  probably  the  common  one  in  the  case 
of  infants  belonging  to  careless  mothers.  Such  infants  are  some- 
times left  about  in  an  exposed  and  not  very  clean  condition,  in 
consequence  of  which  Hies  are  readily  attracte<l  to  them  anil  deposit 
their  eggs. 

The  infection  of  the  urinary  tract  is  more  difficult  to  under- 
stand. The  Hies  are  no  doubt  attracted  to  the  genital  aperture- 
by  the  iliff'erent  albuminous  secretions,  spermatic,  menstrual, 
gonorrheal  or  leucorrhoeal.  The  larvae  wouhi  feed  upon  the 
muco-purulent  secretions.    It  is  easier  to  understand  the  infection 
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of  the  urinary  tract  "f  a  woman  rathor  than  that  ..f  a  man.  The 
case  rocmilfd  liy  Chevril  imlicates  tairlv  clearly  how  the  female 
urinary  tract  may  I,,-  infecte.l  l,y  the  cuntinne,.  „r  iirolnnReil 
exp..snre  „f  the  ergan.  A«  the  Hies  are  fre,|uently  fain.l  in  lie.i- 
rooms  the  infecti.m  Mfboth  sexes  (hirinj;  h..t  weather  is  sometimes 
renilered  possible.  Infection  is  chi.'Hy  tiicilitated  by  uncleanliness 
and  carelessness. 

The  whole  subject  of  the  relati.in  of  these  Hies  to  myiasis  of 
the  intestinal  and  urinary  tracts  is  one  which  has  received  com- 
paratively little  attention.  Certainly  not  the  attenti.m  it  descries 
on  account  of  the  complicati<.ns  incident  to  such  infections  that 
may  arise. 

iliHcelliiiieiMx  Cases  nf  Miflasix. 
In  a.ldition  to  the  aforementioned  eases  of  myiasis,  which  have 
been  ascribed  in  m,>st  cases  to  deHnite  species  ot"  dipterous  larvae, 
medical  and  other  literature  contains  numerous  references  to  the' 
occurrence  of  living  dipterous  larvae,  or  maggots  in  human  beings  ■. 
The  rem.irkable  occurrence  of  dipterous  larvae  in  the  anterior 
chamber  of  the  human  eye  has  been  recorded  by  Ewetzky  and 
Kennel  (l!t04)  and  also  by  Thomas  and  Pai-sons"(iyO)S).  I  was 
enabled,  through  the  kindness  of  my  friend  ])r  Shiplev,  to  examine 
sections  of  the  latter  case  which  showed  the  larvae  in  situ 
Portchinsky  (1!M.S)  has  described  and  figured  the  occurrence  of 
the  larva  of  Hiipodenm  bans,  the  ,,x  warble,  in  the  anterior 
chamber  of  the  eye  which  it  w,iuld  appear  to  have  reached  by  way 
of  the  nasal  sinus.  The  occurrence  of  dipteriais  larvae  iii  the 
orbit  is  also  reconled  by  Keyt  (im)0)  and  Gann  (lf)02). 

Cleland  (1<I12)  has  given  a  number  of  Australian  recoi-ds. 
Two  cases  are  given  of  the  occurrence  of  dipterous  larvae  in  the 
ear;  in  18(i.5  twenty  maggots  were  removed  from  the  ear  of  a 
smaH  boy  at  Castlemaine,  Victoria  (Aiisti:  Med.  Joiirn.  Vol.  .\. 
p.  i)5).      Dr  (i.  H.  Salter  of  Ballan,  Victoria,  described  (Austr. 

'  Since  th,.  above  was  written  Omham-Smith  (1918)  ha«  Riven  an  excellent 
re>  ew  o    .1/,„„.„  cau«e<l  by  non.b]ood-8uel<inB  Hies.     In  addition,  the  (oIlowinK 

19IJ).  Heclienroth  and  Blanchard  (191.1),  SerRcnt  (1913),  Edgor(1913),  Field  (19131 
Hall  and  Muir  (1913),  Candido  (1913),  Miller  (1910). 
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Med.  Oaz.  Mar.  1S0.5)  fnur  cases  of  myiasis.  An  alcoholic  woman 
complained  of  pain  in  the  eye  and  a  feeling  as  though  [xehbles 
were  rolling  over  the  eye-ball.  The  eye  was  reil  and  mnch 
swollen  and  the  lids  niorr;  or  less  glued  together  with  pus  and 
blood.  On  seiBirating  them  the  space  between  thi."  lower  eyelid 
an<l  the  globe  was  teeming  with  maggots,  about  twenty  or  thirty 
in  number,  from  their  size  apparently  two  or  three  days  old.  The 
cornea  was  cloudy  ancl  ulcei'ated  in  two  or  three  spots  and  vision 
was  materially  impaired  two  months  later.  In  Gisborne,  a  few 
months  previously,  Salter  removed  a  nutuber  of  full-grown  maggots 
from  the  nose  of  a  child  aged  seven  months,  the  subject  of 
hereditary  syphilis.  On  another  occasion  the  presence  of  the 
maggots  accounted  for  a  discharge  from  a  child's  navel.  In  a 
woman  with  epithelioma  of  the  left  temporal  region  a  large 
number  of  full-grown  maggots  were  removed  which  had  almost 
demolished  the  growth  as  well  as  the  loft  lower  eye-lid  and  had 
found  their  v.ay  into  thi;  left  orbit.  In  the  same  publication 
Kussell  of  Adelaide,  as  cited  by  Cleland,  described  a  case  in  which 
twenty-three  maggots  were  removed  from  between  the  eye-lids, 
and  a  case  in  which  five  maggots  were  extracted  from  a  boy'.s  ear, 
from  which  there  was  a  foetid  discharge.  In  describing  the  case 
of  the  maggots  from  the  eye-lids  he  says :  "  There  was  a  rounded 
open  ulcer  the  size  of  a  sixpenny  piece  at  the  inner  corner  of  the 
eye,  which  had  not  ulcerated  through  the  whole  thickness  of  the 
lid.    There  was  much  conjunctivitis  but  no  ulceration." 

These  cases  may  readily  be  explained  in  the  light  of  our 
knowledge  of  the  feeding  and  breeding  habits  of  M.  domestica 
and  its  allies  responsible  for  myiasis  in  man  and  other  animals. 


The  Role  played  by  Flies  in  the  Sphead  of 
IxTE.sTixAL  Worms. 

It  appears  to  have  been  an  early  surmise  that  house-flies 
might,  owing  to  their  habits  of  seeking  and  frequenting  excre- 
ment, serve  as  a  means  of  disseminating  jwrasitic  worms  by  either 
infecting  by  contact  the  exterior  of  their  bodies  with  the  eggs  of 
the  worms  or  by  ingestion  of  the  eggs  in  feeding.  The  human 
exui'eta  when  moist  are  attractive  to  flies  and  the  eompai-atively 
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large  size  of  the  eggs  of  the  parasitic  worms  does  not  preclude 
their  (lis|)ei-sal  by  Hies  as  experiments  have  indicated. 

Grassi  (1H83)  api)..ars  to  have  been  the  first  to  demonstn.te 
the  ability  of  Hies  to  ingest  the  eggs.  He  broke  up  segments  of 
the  common  tape-worm  {Taeuia  .lulinm)  in  water;  they  had 
previ..usly  been  preserved  in  alcohol  for  some  time.  Flies  sucked 
np  the  eggs  in  the  water  and  he  tonnd  them  unaltered  in  the 
hieces  of  the  Hies.  The  eggs  of  T.  mli„n,  measure,  according  to 
Nicoll  Wni),  -OSo  mm.  in  length  and  •()2.->  mm.  in  breadth.  Eggs 
ot  Ox,juris  were  al.so  passed  unaltered.  In  another  experiment 
flies  were  allowed  to  feed  on  the  .-ggs  of  Trichoceplmlm  and 
he  found  the  eggs  some  hours  afterwanis  in  the  flies'  tiieccs 
which  had  been  deposited  in  the  room  beneath  the  laboratoy- 
he  also  caught  Hies  in  the  kitchen  with  their  intestines  full  of 
eggs. 

N'uttall  (1809)  records  a  personal  communication  from  Stiles 
who  placed  the  larvae  of  Mmca  with  female  Amiris  hmbricoides 
which  they  devoured  together  with  the  eggs  which  these  large 
nematodes  contained.  The  larvae  and  adult  Hies  contained  the  eggs 
of  the  Ascari.s  and  as  the  weather  at  the  time  the  experiment 
was  carried  out  was  very  hot  the  Ascnris  eggs  developed  rapidly 
and  were  found  in  different  stages  of  development  in  the  insect 
thus  proving,  as  Xuttall  points  out,  that  .1/.  dmnesHca  may  serve 
as  a  disseminator  of  this  pimsite. 

Callandruceio  (UtO«)  e.xamined  Hies  which  had  settled  up.m 
faeces  containing  the  ova  of  the  taix-worm  H./menolepis  nana  and 
the  ova  were  found  in  the  flies'  intestines.  Flies  which  had  fe,| 
up.n  material  containing  the  eggs  of//,  nana  .leposited  excrenu-nt 
containing  these  eggs,  on  sugar.  Twenty-s,.ven  days  later  the 
eggs  of  this  tape-w,)rm  weri'  found  in  the  stools  of  a  girl  wh.j  hid 
eaten  some  of  this  sugar;  as  other  possibK-  s,„i,«,«  „f  i„n,,.ti,',„ 
were  carefully  excluded  this  experiment  clearly  .lenionstrates  a 
method  of  infection  by  flies. 

Oalli-Valeiio  (1005)  foun.l  that  Hi,.s  culd  carry  not  only  the 
eggs  but  also  the  huTae  of  the  American  hook-"worm  Xecator 
amencanus.  He  was  unable  t..  find  either  eggs  or  larvae  in  the 
intestines  of  the  Hies.  Le-on  (1908)  recovered  the  eg„s  of  the 
tape-worm  Uibotliriocephalm  laUis   from    the   excremeirt  of  Hies 
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which  had  been  fed  u]*in  huney  with  which  the  eggH  "f  the  tajx'- 
worm  had  been  mixed. 

The  most  cmiiplete  and  valuable  serii's  of  exiKrimentH  on  the 
dispermil  of  the  eggs  of  jsirasitic  worms  of  fiies  has  been  carried 
out  by  Nicoll  (1!»11)  in  connection  with  the  Local  Uovernnient 
Board  emjuiry.  He  recognised  the  isolated  nature  of  the  wca'k  of 
previous  investigators,  and  while  the  account  of  his  experiments  is 
described  as  Ijeing  of  a  preliiuinaiy  character  it  contains  iniUiy 
results  and  observations  of  considerable  vahie.  Ti'ii  species  of 
jjivraaitic  wonns  were  experimented  witii,  nami-ly,  the  tape-wonns. 
Taenia  serrata,  T.  marninata  and  Dipi/lidliim  ciiiiiiiiiiu  from  the 
dog,  Hi/meiiolepis  diminuUi  from  the  rat,  Muiiiesiti  e-ipaiisa  from 
the  ox,  and  the  nematodes  Trichuria  trichiiiris  from  man,  Toj- 
asciiria  limbata  'id  Anki/lostooia  cu/iiii";i  from  the  dog,  aii<l 
Sderostuiiiiim  equ  ,i(»(  and  Ahohih  iiieijulocephnla  from  the  horse. 
Of  these  the  fi.:'o..ing  only  are  human  imrasites :  T.  triehiurls, 
D.  ainimim,  H.  dimiinitti,  and  T.  limbata.  The  main  object  of 
NicoU's  experiments  was  to  ascertain,  first,  to  what  extent,  and 
second,  for  how  long  a  period  Hies  could  cany  eggs  by  actually 
ingesting  them  and  retaining  them  within  their  intestines,  and, 
thinl,  how  great  was  the  partiality  they  displayed  towards  fi'eding 
on  infective  material.  He  pilnts  out  th.it  the  only  parasites  with 
which  it  is  possible  that  Hies  can  directly  affect  man  are  Taeiiiii 
echinococcii.1  and  T.  solium  together  with  the  following  species 
which  do  not  reipiire  an  interme<liate  host: 

Class  a.  Those  in  which  the  larval  worm  remains  within  the 
egg-shell. 

Ascaria  funihriroiiie^,        size  of  ogsr 

TVwtMcv/rM  limhnUt  „  „ 

BelagcdHs  inifAt'tj:  „  „ 

Orifttriii  i-ermicularis  „  „ 

TrichurU  trivkiui-is  „  „ 

Hymeiwlepii  naitti  „  „ 

Class  b.  Those  in  which  the  larva  is  liberated  from  the  egg- 
shell and  spends  Its  life  In  water. 

Aiikulottoma  dmidfiKiU;    size  of  egg     -oijl)  ami.  long.    -040  luni.  liro;ui 

Sucator  aiiiericanus  „  „       "*'*>■">     ,.         r*        ''^-I'J     i'         " 

S''htxfnsomttiii  haeitintoljiitiit ..  ..       'll-"»     ..        .,       *'^-*''     u        r, 

St--higtoaomuin  jti/juiiii2um     „  „       '07J     „        „        "040    „         „ 


(HiO  lUtU. 

long, 

■04r) 

mill. 

1  iro.vd 

■OHO     „ 

■070 

■07r>    „ 

„ 

■070 

„ 

•0-')O     „ 

„ 

■020 

■O.V)     „ 

,, 

■025 

„ 

•040     „ 

„ 

■040 

„ 
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The  fcwling  hiibits  of  the  h.,use-Hy  have  aliv,«ly  he™  .lesc-rilx'd 
m  nil  earlier  chapter,  but  on  account  of  its  [jarticular  interest  in 
connection  with  the  i),«sil)ility  of  the  disse-iiination  of  ,«ra»itie 
worins  l,y  Hies  fre(|iieiitinK  excrement,  I  ha-.,>  reserved  a  i|uotation 
of  Nicolls  own  observations  on  this  ])oint  for  the  present  secti.ai ; 
thi'se  oliservati.ins  have  b-en  repeatiilly  confirmed  l)v  invself  and 
d..ubtlessly  by  other  investigatoix     H,.  .s;,ys :  "It  is"  a  matter  of 
omiiion  observation  that  fresh  ami  moist  fiieces  attract  Hies  much 
more  re.i.hly  than  old  .Iried   faeces.     Flies  feed  on   warm   fresh 
faeces  with  considiTable  avidity,  and  they  will  do  .s.)  even  although 
they  have   bi'en   previoi,  !y  feivling  on  other  material.     T..  Hies 
which  have  not  fed  for  some  time  the  prewnce  of  fresh  human 
faeces  acts  as  an  imme<liate  source  ,>f  attraction,  and  in  some  of 
my  experiments  the  eagerness  with  which  thev  attacke.l  it   was 
most  striking.     Wh.'ii  the  portion  of  taeces  was" so  small  that  the 
Hies  ciaild   not  find    standing    room    nyurn   it  or  aiiMind    it,  thev 
struggh.d  togeth,-r  and  pushed  each  other  aside,  and  more  thali 
once  I  have  seen  them  so  ch.sely  jmckeil  together  that  each  Hv 
could  find  room  only  for  the  tip  of  its  pr,iboscis,  the  Hies  on  tin- 
top  pmctically  stamling  on  their  heads,  supported  hv  the  b,«lies  of 
those  around.     Their  b<.haviour  towards  older  tlieces,  however,  is 
very  different.     When  the  material  has  become  cold  it  lioes  not 
attract  Hies  nearly  so  readily.     So  long  as  it  remains  moist  it  con- 
tinues to  attract  iind    does  so   ipiite   as   much    as    moist    hn-:v\. 
although  very  much  less  s.)  than  moist  sugar.    When  it  li.is  l>eeom,. 
dry  it  pissesses  little  or  no  attr.ictioii.  but  this  is  iiicrea.sed  when 
it  is  moistened  again.     It  is  evident,  therefore,  that  the  presence 
of  moisture  plays  an   iinijortaiit   part  in  a  Hy's  attitu.l.'   towanis 
faecc's  as  an  article  of  food. 

"  When  the  alternatives  of  fresh  faeces,  sugar  and  bread  were 
otfered,  the  Hies  did  not  c.nfine  their  attention  to  aiiv  one  of  these 
articles  but  made  reix-ated  excursions  fnnu  one  to  the  other." 

He  pi-oceeds  to  ilescribe  some  interesting  observations  in  regaiil 
to  flies  feeding  on  segments  of  tain-worms.  .Such  tain-worm  seg- 
ments may  be  dei)osited  together  with  the  faeces  ,,r  indeiiendeiitly 
and  in  the  case  (jf  .some  species  of  pirasitic  worms  the  eggs  are 
conveyeil  to  the  exterior  in  the  <ietacheil  segments  inste.-id  n/ 
being  shed  singly  into  the  gut.     It  was  found  that  such  lietiiched 
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tapf-w„nii  sejfiuunts  ]), w.s,.s.s..(l  n  Krivvt  iittmctii.n  tor  Hies  Wh,.n 
.1.1  intact  .s,.K„».nt  „f  a  t„,j,..w..nii  siioh  as  T„em„  serval,,,  T  mar- 
gimiUi  .ir  Ih/n/Uaim  funiinim  mixed  with  .ii.Kk.ratuly  fivsh  faeccK 
was  pivsent..,!  t„  «,„„■  Hi.-s  thry  apiK-aiv,!  t,,  s..i,rt  th.  ta,H..w„n„ 
ami  ti-«i  u|«,„  ,t  11,  ,„vt;.,vne,-  to  thf  lafivs.  This  ohwivatim,  was 
^■p<.,it...i  on  s..v,.ral  „ccasi„„s.  Further,  when  an  isolate.!  t.ipe- 
w..nn  .segment,  s.„ue  ti,ec..H  an.l  soi.ie  s„fr.ir  wen-  s..paratelv  intro- 
.liiml  int.,  the  Hy  c.jre,  the  Hies  sh.,w,..l  a  ,l..ci.le,l  preterJnce  for 
the  tap..-woriii,  which  th..y  ..ttacke.1  with  much  .issi.luity  This 
preference  was  shown  not  only  when  the  tape-w,a-,„  seginent  was 
tresh  but  even  wh.'n  it  h.iil  lain  a  .l.iy  or  tw.i. 

Flies,  it  was  tlmnd,  are  able  gi-ailually  t..  pierce  the  fairly  t.iugh 
extern..!  c.vering  of  the  tape-worm  segments  and  to  extract  the 
internal  cntents  containing  the  eggs.  When  flies  had  been 
feeding  on  a  tape-worm  .segment  for  5—10  hours  their  crops  were 
found  greatly  distended  with  the  white  milky  juice  of  the  tiipe- 
wonn  and  tape-worm  eggs  were  found  in  the  flies'  intestines. 

Special  observations  were  made  on  the  feeding  of  the  fly 
larvae  on  parasitic  worms.  While  it  w,»s  found  that  even  after 
a  lapse  ..f  three  or  four  days,  the  adult  flies  were  unable  to 
penetrate  the  thick  cuticnlar  investment  of  round  worms  such  as 
Asains  megahcephala  and  Tomscuris  limbata,  such  difliculties 
did  not  exist  in  the  case  of  the  larv.ie.  Fresh  round  worms  when 
oflered  to  the  larvae  were  at  once  attacked,  but  although  they 
.swarmed  over  the  worms,  unless  the  cuticle  of  the  worms  was  torn 
or  ruptured  in  some  way,  they  were  unable  to  penetrate  them  and 
in  the  absence  of  other  food  they  died.  On  the  other  hand  if  the 
round  worms  were  cut  up  o.-  broken  before  being  given  to  the 
larvae,  the  latter  devoured  the  internal  parts  with  great  rapidity 
Commencing  at  one  end  of  a  broken  piece  they  would  eat  their 
w..y  through  the  soft  tissues  leaving  nothing  but  the  cuticular 
tube.  It  was  found  that  within  two  or  three  days  half  a  dozen 
larvae  would  devour  .i  l.irge  worm  20  or  30  times  their  own  bulk 
When  larvae  had  fed  upon  female  egg-bearing  worms  large 
numbers  of  eggs  were  found  surrounding  them  but  not  actually 
adhenng  to  them  and  in  the  intestines  of  such  larvae  no  intact 
eggs  were  found,  but  fragments  of  shells  were  always  visible  No 
embryonic  worms   in    any  stage    were   found.     Xicoll   is  of  the 
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opinion  that  ov.n  f„ll.g,.„wn  Inrva.  a,e  „nable  to  mvuIIow  ,„,- 
.■npture.1  .««.,  ,,s  huge  a,  th,«e  .,(  th.  w„r„,s  „s«l,  „,„„,.|v 
0/  nun. 

Details  aro  givcM,  l,j-  Xicll  „f  the-  ,„„st  iiniiortant  ,.f  his 
exixTMuents  on  the  f«.,li„K  of  i„.i..,ivo  ...aterial  to  Hie»  Tho 
...atonal  was  „tlo,v,l  to  the  rii...s  in  to,,,-  .lirtoront  wav.s.  1  Faoces 
eo„t..n,„g  ova  2.  Co.oploto  wo,-,...s,  or  intact  parts  of  the,,;. 
J.  Broken  or  claniagnl  seg.nonts  of  wor.as.  4.  Si.s.K.nsions  of 
ova  .n  wate.-  After  feeding  Hies  „e,e  e.xa.nine.l  at  va.ving 
.nte,-vals;  the  bodies  an.l  appendages  were  first  examined;  aite,' 
wan  s  the  ahnientary  tract  wa :  dissected  out  and  exa>-,in...l.  The 
results  ot  his  experiments  were  as  follows: 

(a)     Hynienoleitis  diminiit,,  (ova  07  by  Olio  mm.). 

1.  U  Hies  weiv  fed  on  contents  of  caecum  of  rat  containing 
nunicrons  eggs.     Xegative  results  were  obtained. 

2.  12    flies    fed    on    rat    faeces    containing    numerous   ova. 
Xegative  results  obtained. 

3.  6   Hies    fed  on   ripe  .segments    of  H^„<e„ole,,is   diminuta 
containing  numerous  ova.     Xegative  results. 

4.  6  flies  fed  on  emulsion  of  tape.-worm  in  water,  containing 
numerous  ova.     Xegative  results. 

These  experiments  .lemonstrated  the  inability  of  jl/„sca  do- 
mest.ca  to  ingest  eggs  as  large  as  those  ..{  Hymenolepis  diminuta. 
(6)     Toj-ascaris  limbata  (ova  -08  by  07  mm.). 

1.  8  flies  fed  on  dog  faeces  containing  numerous  eggs 
Xegative  results.  ''^ 

2  and  :i.  Two  lots  of  (i  flies  each  fed  o„  intact  and  broken 
female  worms  respectively.     Xegative  results  in  each  cuse. 

(c)     Anhjlostoma  caninum  (ova  -06  by  04  mm.). 

Xegati  ,  .esults  were  obtained  after  feeding  flies  on  doir 
taeces  containing  ova. 

{d)     Trichuris  trichiiiris  (ova  '0.3  by  -02.5  mm.). 

From  12  flies  which  had  been  fed  on  human  faeces  containing 
a  few  ova  the  ova  of  this  tape-worm  were  recovered  from  one  Hy 
and  from  the  faeces  of  another  Hy. 
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(e)     tUpijlidimn  caninum  (ova  04  by  -04  mm.). 

1.  4  Afuaca  and  1  Faiiiiia  were  (e(\  on  unbroken  ripe  segments 
of  the  worm.  The  egg»  were  recovered  from  2  Hies  (Mimcu)  26 
hours  after  the  infected  faeces  had  been  removed,  ileinonstrating 
the  ability  of  the  Hies  to  sm-k  the  eggs  of  the  tape-worm  and  to 
carry  them  for  a  considerable  time. 

2.  6  Hies  were  fed  on  dog  faeces  containing  ova.  The  ova 
were  found  in  4  of  these  Hies;  in  he  case  of  2  of  the  Hies  43 
hours  after  the  infected  faeces  had  been  removed,  showing  that 
the  Hies  can  carry  the  eggs  in  their  intestines  for  at  least  that 
length  of  time. 

( /')     Taenia  marijinatti  (ova  035  by  035  nmi.). 

1.  The  eggs  of  this  species  were  removed  from  a  blow-Hy 
(C(illiplwm)  on  the  second  day  after  it  had  been  fed  on  mashed 
up  segments  containing  ova. 

2.  Eggs  were  recovered  from  Miiaca  and  Fiiiuiia  ne.irly  three 
days  after  they  had  fed  on  ruptured  segments  containing  numerous 
ova. 

3.  Eggs  were  recovered  from  Muscti  the  day  after  it  hail  fed 
on  an  enmlsion  of  ripe  segments. 

(<7)     Taenia  serrahi  (ova  035  by  035  nnn.). 

1  and  2.  Eggs  were  found  in  flies  in  very  large  numbers,  500 
in  3  Hies  and  400  in  2  Hies,  2  hours  after  feeding  on  riiie  segments 
in  water,  and  on  ruptured  segments. 

3.  Eggs  were  found  in  a  Hy  21  hours  after  feeding  on  intact 
segments  containing  numerous  ova. 

4.  Negative  results  were  obtained  from  4  flies  fed  on  dried 
segments. 

5.  A  single  egg  was  recovered  from  one  of  7  flies  8  hours 
after  they  were  fed  on  intact  segments  containing  numerous  ova 
and  one  egg  was  found  in  the  Hies'  faeces  about  20  hours  after  the 
.segments  hud  been  removed. 

6.  From  3  Hies  which  had  fed  on  an  emulsion  of  segments 
containing  numerous  ova,  1,  22  and  312  eggs  respectively  were 
recorded  up  to  7   hours  after  the  emulsion  had  been   removed. 
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•200  I'ggs  were  recovered  fri)iu  fiueca  .if  other  Hies.  171  ej{j;s  were 
recovered  from  ii  Hy  24  hours  iirtcM-  feeding;  these  eggs  were  fed 
to  a  rabbit  in  which  2:i  Ci/slicerci  were  afterwunls  found,  showing 
that  the  eggs  reui.iined  cai»ihle  of  infecting  for  at  least  .me  ,l,iy. 
Eggs  were  also  recovered  from  a  Hy  and  ti-om  faeces  4H  IlhiIs 
after  feeding. 

7.  10  Hies  were  feil  on  faeces  containing  riiptnred  nmtniv 
wginents;  a  piece  ..f  sngar  was  als..  intr.«luc.'.l  and  th.^  fa.cvs 
were  kept  m.iist.  The  results  dem..nstrated  the  imjHirtant  liict 
that  faeces  containing  tape-w..rm  s.'gments  may  continu.'  t..  be  a 
s.airce  of  infection  fr..m  which  f...id,  such  a.s  siigixr.  may  be  cn- 
taniinated  for  as  long  as  a  fortnight. 

A  series  of  experiments  was  carried  .mt  in  which  Hy  larvae 
Were  fed  up.in  laeces  containing  tajie-wornis  .ir  ripe  segmi'nts. 

Taenia  serruta.  5  eggs  were  rec.vered  fr.,m  three  larvae  two 
<lays  after  they  had  been  ].laced  on  dog  faeces  c.ntaining  rip,, 
segments  but  n,.  eggs  were  reovered  from  pupae  ..r  Hi.-s  dev,.ioping 
from  larvae  which  had  been  fed  on  inf.'Cteil  faeces. 

Tu.rascttriii  limlmta.  Larvae  w.'re  placed  ..n  .log  faeces  c.n- 
tainmg  mature  female  worms  but  n.)  einbry.js  .,r  larval  tape-wornjs 
were  recovered  from  the  Hy  larv.ie,  pupae  m  adult  Hies. 

Ascaris  meyaloceplialu.  Several  lar\ae  were  put  in  horse 
(aeces  containing  female  w,.rms  with  numer.ius  eggs.  .\,.gative 
results  were  obtained  fr.)m  an  e.xaminati.m  of  the  Hv'larva...  pup:,,- 
and  adult  Hies.  Xieoll  points  out  that  thes,-  results'are  at  vari  mc- 
with  the  result  of  .Stiles  ahva.ly  ,,aote.l,  but,  as  he  sh.,ws,  the  e-'gs 
,)f  Ascans  liimbncoides.  which  Stiles  u.^ed.  are  smaller  than  those 
ot  A.  iiiegaluceplmla. 

Xieoll  also  experimentally  shows  that  the  well-kimwn  habit 
which  Hies  have  of  cleaning  their  prob,«cides,  app,.„.lag,.s  an,l 
bodies  after  feeding  militates  very  materially  agaiii.st  their  ea.r,-- 
ing  eggs  on  the  exterior  of  their  l«,lies.  The  longest  i«.ri,jd  after 
which  eggs  of  Mymenolepis  dUniuuta,  tor  exan.pl.,  wer,.  foun.l 
adhering  to  flies  was  ab.,ut  three  Imurs.  During  this  time,  h..w- 
ever,  they  may  travel  .some  distance  from  the  source  of  in.-ccti.,n 
It  was  demonstrated  that  the  eggs  of  this  species  of  tape-worm 
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which  ivrt'  t(H)  hir){«  to  be  ingcHtod  by  thv  flies,  could  be  curried 
extimiilly  by  the  flies  nnil  thiit  fixwl  (suj{i>r)  could  be  infected. 

The  careful  e.\|MTiiiicnt.s  of  this  iiivestifpitor  show  that,  uniler 
ex|>eriiiic'iital  conditions,  the  eggs  of  the  following  iHiritsitic  worms 
niiiy  be  carried  by  Muaca  ilmuenticu  :  Taenia  solium.  T.  aerrata, 
T.  mttrffiitatti.  I)ipi/UtUftin  caiiiiiiim,  hihothriocephaltis  luinaC.). 
().ri/iiri.H  rerniiciilitna,  Tricliiinn  (Trichocephalim)  tricliiiiris,  both 
internally  and  externally;  Necatur  americanua,  Ankijloiittmiii 
caiiiitnm,Sclerostomum etjuiiiiini,  Ascans  mef/alocejiliala,  Tu-rasmns 
Hiiihiita  [=AsairiK  aiiiia  e.p.),  Uyinenolejiin  dimiiiuta  externally 
only. 

The  practical  significance  of  the  results  of  the  aforementioned 
studies  iif  the  relation  of  Miisca  domestica  and  such  of  its  allies  as 
have  similar  coprophagous  or  coprophilons  habits  is  great.  The 
necessity  of  preventing  flies  from  gaining  access  to  faeces  or  tape- 
worm segments  is  most  clearly  demonstrated  and  the  (jossibility 
of  flies  infecting  food  with  tape-worm  eggs  will  undoubteilly  furnish 
an  explanation  in  many  otherwise  obscure  cases  of  infection. 


PAET   Yl 

CONTROL   MEA.SrKE.S 


CHAPTER  XXVI 

I'RKVKN-riVE  AM)   HEMKDIAI,   MKASCJiKS 

The  significHiKV  „(  tlu.  h,).,»e-riy  a»  a  cairi.r  .,f  th,.  cMiisativ,. 
"■■garnsii.s  „f  certair  „f  ,„„•  „„«t  c,„„,„o.,  ili.sr.as,..s  .vn.lns  it. 
control  tnndamoiitally  iifcessaiy  in  any  r»,n  tnwai-il.s  .vinitaiv 
retorin  or  in  any  syst™,  of  provontive  nicliciiu..  Th,.  ,li,,riist 
which  Its  filthy  habit8  call  forth  should  U-  a  siiHiciont  iniimls,. 
m  the  direction  of  its  control ;  tho  fact  that  it  can  bo  no  loss 
dangerous  than  the  mosquito  or  tho  tse-tse  Hy,  should  on,«,rtunitv 
occur,  should  merit  and  demand  the  attention  of  all  charged  with 
or  interested  in  the  care  of  the  peoples  health.  The  evidenc.. 
w-hich  has  been  adduced  is  more  than  sufficient  to  demonstrate 
that  the  prevention  of  many  disi-ams  cannot  be  undertaken  with 
any  hope  of  success  so  long  as  this  factor  in  their  dissemination  is 
Ignored. 

Prevextiox  of  Breedixu. 

Of  all  control  measures  this  is  by  tiir  the  most  imp.rtant  It 
18  the  key  of  the  whole  situation.  The  H\  and  mo.s,,uito  i«oblems 
are  essentially  similar.  Malarial  and  yellow  fever  a.v  eiaiiieated 
by  the  ab.jlition  and  protection  of  the  breeding  places  of  the 
mo.squito.  Similarly,  by  the  abolition,  and  protection  or  treatment 
of  the  breeding  places  of  the  house-fly  its  control  could  be  effected 
and  its  significance  as  a  disease-carrier  nullified. 

The  study  of  the  breeiling  habits  of  the  houae-flv  hiis  in<iir-ate>l 
the  places  and  materials  in  which  it  breeds.    The  chief  breeding 


i|  a 

ll 


31M 


PREVENTIVE   AND   KEMEIMAL   MEANfREH 


plin-cH  me  oillictiiins  ,,f  lioi-w-iiiiiniiri'  ■ir  Ktiiblf  rffim:  Fliin  inii»t 
nut  1m'  iillowcil  Id  hiivf  acfi'MH  ti>  i.iich  KtJihlr  riliiw.  In  nnlcr  I" 
iitlam  iliis  (Mill  it  iiiiihC  Ih'  kept  In  riivcri'il  Hy-priKif  nri'|)l.u-lrs 
mill  ri->;iiliiily  iviiiiivwl  nr  it  miint  !»•  tivniiil  with  ■mxw  inMrtiriihil 
"Ulwtmici'.     An  ini-iviitiin),'  iiiiiiilicr  nf  cities  iinil  tn«n»aiv  ii'ni){- 

nisiiiK  thi'  ini|i..rtaiici'  i,(  thr  li.r r  nl  llii-.v  iii|niiiimntM  anil  aii' 

imsxiiij;  anil,  wlial  i»  ninir  iiri|iiirtaiit,  iiilurciiiK  hyi-lawM  iikii    .inj; 

thi'  iTfctii I'  Hy-priHif  pita  ur  rhainlicrs  I'.ir  thi'  ti-iMi«imry  »iiim);i' 

lit'  inanuif.  It  i»  liiiihiT  n«T-.saiy  tn  liavr  thi  ll.ui  ami  intiTini- 
111'  the  Mtalili'  well  ciiiiNtnu-twl ;  thu  tlimr  shinilil  ii  i.l  nullil  ninsi.riiy 
iir  C'lincrrti'  tu  ]»Tiiiil  >,'iiimI  ilininaj,'i'  ami  thonnigh  C'li-aiisinj;. 

Many  nmniciinilitiiN  have  the  nices»aiT  liye-laws  mi  thiir 
Mtatuti-  liiioks  Imt  lack  the  inuintivi-  nr  cmiragi'  to  entorcu  them. 
The  plain  facts  alreaily  set  »■  'h  Hhniilil  oiun  inee  such  niiinieipalitiis 
iif  the  j,Tave  danger  tii  the  health  iit'the  |iei.ple  they  are  electeil  tn 
serve  that  the  iireseii',  ni'  lireeding  places  nf  himsi-tlies  constitutes. 
A  necessary  ,  'ij  i.ict  to  the  construction  of  sanitary  stables  anil 
the  storage  of  •':,■  horse-manure  in  Hy-proof  rccejitaeles  is  the 
regular  removal  of  the  inanure.  It  was  oliserveil  that  Hies  prefer 
tn  nvi|)nsit  in  the  warm  e.xcretii  and  nn  this  ncenunt  eggs  are  nfti  n 
deimsiteil  in  the  manure  liefme  it  is  thrown  into  the  stnragi- 
T'Ceptacle.  From  such  infested  manure  Hies  wmild  emerge  if  it 
were  not  removed  well  within  the  shortest  time  that  is  occu]iiid 
in  the  Completion  of  the  life-cycle  of  the  tly.  This  time  is  slmrti  r 
in  the  summer  than  in  the  winter.  Therefore. during  the  sumniei- 
ami  autninn  months,  from  June  to  October,  the  inanure  should  lie 
removed  regularly  at  intervals  not  e.vceeiling  seven  days.  A  large 
iiumluT  of  towns  and  cities  reipiire  its  removal  twice  a  week 
iliiring  this  period  and  this  is  a  wi.se  precaution.  During  the 
reniaiuder  of  the  year  the  perii*l  may  be  extended  to  nine  ilavs  or 
ihree  times  each  month'. 


'  Levy  and  Tuck  (1913)  and  Hutclii»on  (1914)  propose  that  advant»KO  sliimld 
be  taken  of  tlie  liiibit  which  the  larvae  of  .V.  iI'meHicn  have  of  iiii|iratin|i  from  tlie 
maniae  to  pupite  in  the  soil  or  in  a  drier  situation.  By  placing  the  manure  in 
receptacles  from  wliicli  the  larvae  can  escape  throufjh  wire  Kauze  sides  and  bottoms. 
the  larvae  can  be  eaufiht  and  killed  in  pans  placed  beneath  such  receptacles.  Hy 
the  use  of  such  "  inangot-lraps "  Hutchinson  was  able  to  show  that  ^^  or  99  per 
cent,  of  the  total  number  of  lar^-ae  can  be  nude  to  leave  the  manure,  provided  it  i^ 
kept  ntuist. 
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it  communicated  by  means  of  a  door;  it  was  providid  also  with  a 
window  furnishfd  with  a  large  screen.  The  manure  was  thrown 
into  the  chamber  every  morning  anil  a  small  shovelful  of  chl'^'Me 
of  lime  scattered  over  it.  At  the  end  of  ten  days  or  a  fortnight 
the  manure  was  removed  through  an  open  door  and  carted  aivay. 
The  experiment  was  carried  out  in  the  stable  of  the  U.S.  Depart- 
ment of  Agriculture  and  a  marked  decrease  in  the  nunilier  of  Hies 
was  observed. 

That  chloride  of  lime  can  be  u.sed  with  beneficial  results  and 
on  a  large  .scale  has  been  demonstraied  by  one  of  my  corre- 
spondents, Messrs  JIcLiinghlin,  Bros.,  lumber  manufaeturei-s  of 
Arnprior,  Ontario,  Canaila.  In  resixmse  to  my  request  for  a  brief 
statement  of  their  (■.\perience  they  write  (April,  15)13)  as  follows: 

"Four  ymivs  ngo  wo  1k?!,'0u  usiiis  eliloriJe  c.f  lime  in  mir  Ktiililcs  lioi-o  to 
keep  down  house-flies.  There  are  ul«iut  120  hoi»s  in  the  stnlilos  ;it  night 
imil  most  of  them  arc  liroiij;hl  in  to  feed  iit  noon.  Tlie  manure  is  rcmoved 
every  morning  and  again  in  the  afternoon  when  the  niid-dav  feed  is  over, 
.^fter  each  eluuiing-up,  eliloride  of  lime  is  tal<en  in  in  a  shovel  and  scatteral 
lightly  just  outside  eaeh  stall.  It  nm.>t  not  lie  \nn  too  elose  in,  fitr  if  the 
horse  lies  on  it  it  will  Ipurn  the  hair  off  him.  Tlie  ri.sk  of  this  aeeiilent  is, 
however,  very  slight,  as  during  the  four  years  ne  have  used  the  lime,  it 
(tccurred  <.nly  once  to  one  horse  and  a  very  little  care  will  ohviate  it  entirely. 
The  .smell  of  the  ehlorine  given  off  by  the  lime  while  it  is  scattered  in  the 
stables  doubtless  tends  to  drive  away  the  flies,  anil  as  the  manure  and  lime 
are  swept  up  together,  they  are  well  mixed,  and  the  chlorine  having  thus 
a  giKKl  chance  to  e.xcrcise  itJ!  genuicidal  proiwrtie-s,  a  large  proportion  of  the 
flics'  oggs  and  larvae  are  no  doubt  de.stroyed  bv  it. 

"  It  is,  or  course,  un|Hv,siblc  to  determine  with  accuracy  the  deci'easc  in  the 
number  of  flies  due  to  the  use  of  the  chloride  of  lime,  but  our  men  are  .satisfied 
that  the  reduction  must  I>e  aKtut  75  iterecnl.  One  .striking  evidence  of  the 
diminution  is  tlie  comivu-ativo  quietness  of  the  horses  now  at  night.  A  few 
yejirs  ago,  when  jmssing  the  stables  on  a  warm  suuuuer  night,  one  was 
a.st4)nished  at  the  noise  caused  by  the  never-eea^ing  tramping  of  the  flv- 
iwstered  animals.  Since  we  liegan  to  use  chloride  of  lime,  tliis  iiui.se  li.'is 
practically  ceiised. 

"  We  use  alioat  eight  or  ten  pounds  of  the  lime  a  day,  or  aljoiu  1000  lbs. 
during  the  fly  season.  Bought  by  the  l»irrcl  of  some  .300  lbs.  it  costs  2  cents 
licr  lb.  in  Montreal." 

The  above  statement  has  been  given  in  full  as  it  affords 
striking  evidence  of  the  practical  use  of  chloride  of  lime  and  it.s 
effect,  not  only  fi-om  an  insecticidal  standjxiint  but  as  a  means  of 
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value  of  which  rest  is  evident. 

I  a...  informed  by  chemists  that  it  is  .loubtful  whether  the 
.  dn,ut,.re  of  ,.  s,„all  ,,.ant.tv  of  chloride  of  ,in.e  would "^  „  ^ 
Hffect  the  .nanunal  propert.en  of  the  stable-manure  Exae^ 
mtoruiation  on  this  point,  however    has  not  v,.,T 

Howmi    niiiii  1       ,'-'^'  "*"*'"">'■'  been  secured. 

water  all   the  larvae  were   killed-    on  ■,  \T  ^  "* 

wholly  snceessiui: ..  eon™,.!:::ue  p.:;:i:r  thr^i" 

■niury.  ■     Even  had  all  the  larvae  bee^  destnnvd  th    c    t  „,  the 
treatment  w.ad.l  be  prohibitive.  '"' 

Hern,,  (liill,  .     ^,..,ts  that       vhen  the  „,anure  pile  can  be 
'^a  out  ,.,  a  depth  of  about  half  a  toot  it  u,av  I  d,™  h 
uth  a  d,.,tdlate  .x.troleun,,  which   p„.s..se.s  .   hij,h  Hash  p,' 
doesnot  ,«,nte  easd^^  and  has  the  necs^ny  itcici.lar,    ' 
>■      "";  r-t.-oleun,  ods,.s„|das  proprietary  co„,pounds  on  the 
nu,ke    as    nnscd,le  ods.'  'spray  enndsions,'  and  the  like  shouM 
W  apphed  at  the  ,nte  of  one  part  of  the  od  to  ten  p,„,s  ..'f  w  TJ 

..ut.^budd„,gs  the  danger  fron,  Hre  nn.st  be  considere,!  " 

On  account  of  the  danger  incident  to  its  u.se  an.l  the  cost  of 
the  treatment,  apnt    fron,  the   fact  that  its  en.ployn.ent  i     n 
™pp,rted  by  our  e.x,K.,.i„,e„tal  result,,.,,..  |.  eo.n^.l,^,  TC^ 
n  r..conn„en.l,ng  the  genend   use  of  ken,sen..  orparartin  ,,  n'r 
the  destruction  of  Hy  larvae. 

FV,rl«.s  h,.l  a  seri.;  of  ex,».ri,nents  carrie.1  out  in  Illinois.  U.S  A 

h.ow.,.i.  wh.!:re.ix,7:;:£r;l:d':;: 

htteen  p,ain,ls  of  horse-manure,  ninety-four  percent  of    , 
were  kilM     two  ^,„„ds  of  lime  niLd   Z^Z^  '^:^Z 
niannre  killed  si.xty-nine  an<l  one-tenth  ner  cent    J  T 
^  P-ni^^s  mixed  with  twelve  ,,„nds  tZ  ^1:^  S^.^^^; 
me  and  th.ve-tenths  p,.r  cent.     The  diminished  .K.^enf.  J  i    th 
1-  two  expenments  was  accounted  for  by  the  JZ  i^  Z^ 
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were  nearly  full-j^nwii.  The  must  successful  results  wi're  obtained 
by  the  use  uf  iron  sulphate.  It  was  found  that  the  breeding  ot 
the  house-Hy  in  hoitie-nianure  rouUl  be  effectively  controlled  by 
spraying  the  manure  with  a  solution  of  iron  sulphate.  A  solution 
of  two  pounds  of  iron  sulphate  in  one  gallon  of  water  for  each 
horse  per  day  was  used.  It  was  calculated  that  the  average  city 
horse  produces  aV)out  tifteiMi  pounds  of  manure  per  <lay  ami  the 
heavier  draught  horses  produce  twenty  to  thirty  pounds  jkt  day. 
The  amount  to  be  treated  is,  of  coui-se,  nuich  less  than  this  as  the 
horees  are  out  of  the  stables  a  large  pro[)oi-ti<in  i>f  the  day.  The 
average  cost  of  treatnu>nt  in  Illinois  would  work  out  at  less  than 
one  penny  (one  and  one-half  to  two  cents)  per  hoi-se  piT  day.  Not 
only  is  the  iron  sulphate  stated  to  deodorize  the  manure  but  it 
does  not  injure  its  mainirial  properties.  In  fact,  it  is  extremely 
probable  that  it  increases  the  frrtilising  proixTties  of  the  manure. 
Unfortunately,  at  the  time  of  writing  we  have  no  exiR-rimental 
evidence  as  to  the  effect  of  this  and  other  insecticides  on  the 
fertilising  value  of  the  manure.  It  is  anticiijated  that  investiga- 
tions on  this  asjwct  of  the  question  will  be  carried  on'. 

It  is  claimed  that  the  treatment  of  the  manure  with  equal 
parts  of  aciil  phosphate  and  kainit  will  repel  the  Hies  and  prevent 
their  oviposition.  Such  treatment  would  certainly  increase  the 
fertilising  value  of  the  manure. 

One  is  frequently  asked  how  the  farmer  is  to  undertake  the 
control  of  the  house-Hy  about  his  itemises  when  he  is  couqx'lled  to 


»  Since  the  above  was  written  I  liftve  carried  out  a  neries  of  experiments  in 
AuBUSt  and  September,  1913  (see  .hiiirn.  Kemi.  KM.,  vol.  7.  p.  'isl),  witli  a  view  to 
obtaining'  information  on  tbis  aspect  of  tlie  prol)lem.  It  was  foun.I  that  tin- 
greatest  mortalitj  was  produce<l  by  cbloride  of  lime  scattered  on  tlie  manure  as  it 
was  piled  ;  tbis  was  more  fatal  tlian  iron  sulphate  solution. 

Dr  L.  (>.  Howanl  lias  kindly  permitted  mc  to  secure  the  results  of  a  .series  of 
experni"^nts  carried  out  by  the  Tlureau  of  Entomology,  assisted  by  llic  Hureau  uf 
Chemistry,  of  the  U.S.  Department  of  ARriculture,  Washington,  D.C.,  dnrinK  the 
Hummer  "and  fall  of  19l:i  to  discover  an  Insecticide  which  was  not  only  cheap 
enough  for  the  farmer  to  use  but  which  also  did  not  injure  the  fertilisinn  propertii- 
of  the  manure.  It  appears  that  Unax  (sodium  bomte  in  the  crude  fonn)  usc.l 
either  in  the  powdenMi  form  l'^  lbs.  to  s  bushels  of  manure)  or  in  solution  (one- 
eighth  of  a  i>ound  to  one  Ballon  of  water,  using  40  (juarts  of  the  solution  to  s 
bushels  of  manure)  Hives  the  la^st  results.  The  full  report  of  this  investiKatioii 
will  be  published  shortly  by  the  l:.S.  Department  of  AKriculture.  to  which  inipoi 
tant  report  the  reader  should  refer. 


UANOER  OF  THE   IXSAXITAHV   PRIVV 


storage  „(•  ,„„„„e.     Exp..ri„Kit     vh  Ih  n  '"'"''""  '"  "'^■ 

■  (-.init.i   „i,t   httvu  CdiicIiiNivc  V   shown   th.,t    .„ 

t-t,l,™,g  standpoint  it  is  u  greater  ,ulvant,L  ,    h" .,  ^h  " 

d..-eetlv  on  to  thu  soil  than  to  store  it  in  tl^  ,bi  I  I  'T'"" 
co.,s,de„.ble  proportion  of  it,  value  is  os  In-  I  ■  ^  f"'"'  " 
processes.     I„  the  eontml     f  ,h     I  1      ^  '"'chmg  and  „ther 

■n  the  n,an„re  as  scattered  n.anun  ^i^'  ^^^  "'  ^T"  ""J  ''"^^ 
'lo-'s  nn,  rea,'ily  pern.it  their  br  .edi2  T,  ''''"^■"'■''.  »''«^-. 
f-tilising  valu,.  of  the  n.an„re  th  *  t,l  "  rr"'"'  '"  ^''^ 
t-nal  reas„n  fi,r  the  n,or.  general  adop^'  '  tl  :;:;;;"  T: 
«.nn„t  be  scattered  on   the  land  at  once  it    i     .n  Xn  , 

con,post  „  „,  heaps  an,i  cover  the  san.e  with  a    .;"    ,'      ,' "    '^^T 
are  attracted  to  and  denosit  fh.,:^  ■     ,."'■'>' ^ '"  ^"i'-     Hies 

-d  cold  .anure  i,:!:^!    t  !S  ijt  ' """     """•■" 

have  I  ever  found  Hies  br     ,'".'"'"  '"'>   "•  excej.tional  cases 

-.»!  - ..,;;:":, 'lii;  -'■  —  «■ -- 

-f -rrjE  ;;--—,=;:■  i - 

proper  V  cared    for   serve  «.    .  f  ■    '    """'t"tion,    when    not 

^■'^^vHec n:::i- ;isr. 'S,rr.t«r'"'" 

reinani   one;  niedieal  ..ffin..,^    <•  u     i  u  *  """"''ti'i,  it  cannot 

-nnat,on^.d  r  :rr:rr  itiitrrit:  ir '"^ 

s>stems    ,s    having   a   pronounced    etfect   on    i,      ,    T,  *' 

...ajority  of  people  have  no  conception     f   "he      a       .f';;  '  "" 
■••"Sard   to  the  occum-nce   ami   conditions     e  ""  '" 

Excellent  testimony  on  the  sublet    ,?         '""'"'""■>'  f*"^'""- 

i^  given  by  Nvwshoiine.j-'trw'o:::;:::"''^^^ 
-»..„g.rtherinforniiioni;..r^i:'';:j;:!:;:,t.::; 

-.:^™  o;"::j:!:^»s::  ™:!ri::^/-' - '- ^  -■■  ■> 
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N'uwsholnie  states  "  Infant  in  jrtality  is  highest  in  thuse  counties 
where,  under  urban  eiuiilitions  cif  life,  filthy  privies  are  iwrniitted, 
whei-e  streets  and  yards  are  to  a  large  extent  not  'made  up  or 
paved."  In  his  recommendations  he  says  "Sanitary  authorities 
in  com])actly  ])opulale!l  districts  should  decide  to  remove  ull  dry 
closets  if  a  water-carriage  system  is  practicable." 

For  the  dry  closet  to  be  maintained  in  a  sanitaiy  condition 
great  care  and  attention  is  reiiiiired.  It  cannot  be  ren<lered  Hy- 
proof,  however,  owing  to  the  ability  of  Hies  to  emerge  through  the 
soil  after  having  developed  from  eggs  dejiosited  on  the  faeces 
before  thev  were  covered. 


Dkstui.ctidx  of  Refl.se. 

It  is  a  remarkable  fact  that  in  many  of  our  towns  and  cities, 
professedly  progressive  in  sanitary  measures,  public  "dumps," 
"  tips  '  and  garbage  heaps  are  maintained.  Fre(|uently,  they  are 
located  on  a  vacant  piece  of  land  surrounded  by  thickly  populated 
districts  ni  which  there  is  almost  invariably  a  plague  of  flies 
during  the  summer  months.  On  many  occasions  during  my 
investigations  I  have  examined  such  accumulations  of  organic 
and  other  rubbish  and  have  found  flies  breeding  in  vast  nunibei-s. 
While  such  heaps  contain  a  large  proportion  of  niinend  matter, 
such  as  clinkei-s,  cinders  and  ashes,  etc.,  they  invariably  include 
eait-loads  of  organic  rubbish  of  various  kinds,  especially  domestic 
refuse,  in  which  Hies  can  breed  (see  p.  !(+).  Not  only  do  they 
breed  but  thev  also  infect  themselves  with  putrefactive  and  some- 
times pathogenic  biicteria.  The  greatest  danger  of  such  heaps, 
however,  lies  in  their  Hy-productive  rather  than  infective  character. 
Cities  and  towns  can  no  longer  afford  to  permit  these  methods  of 
di.s[)osing  of  organic  refuse.  Its  prompt  destruction  by  mer.ns  of 
an  incinerator  is  the  only  measure  which  will  prevent  its  being  a 
public  nuisHi'i  and  a  serious  breeding  ground  for  Hies.  Further, 
the  storage  ot  the  domestic  organic  refuse  by  the  hou.seholder  in 
Hy-proof  receptacles  frequently  and  regularly  emptieil  or  removed 
by  the  civic  authorities  nnist  necessarily  form  an  integral  part  of 
any  sanitary  system  of  refuse  disposal. 
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The  Pkotectiijn  df  Infants  and  the  .Sic  k. 
By  their  helpless  n„t,>>,.  ,».,!   by  the  Core..  „f  ei.-c-un„t„ncc., 
■nam,  are  peculiarly  subject  to  the  attenti,,.,,  „f  Hies,        ,     L 
onb- ,..  visit  the  popiil,,,,.  ,Ji,,„e,,  ,„•  „„  ,„,„,  „„,  ^    - 

ho  p„ore,.  c  ..se.,  are  co,„pelle.l  tn  live,  to  „bserv,.  the  adv, , 
taguous   coiKliti.ins    uiiiler   which    Hies   ure    ,1,1      .      r 
inn.eti,..     AI.,ooi„s,,«.cie„tattfmL:L;!:,^     ~^ 
|H.o«.l  ,,,     ,„„a„  excreta  which  „ccur  i„  all.'ys  ai„l  ,k1,I  cZ^ 
b  ;;       ""'  ""l'-;™""!  an,l    the  chiLIre,,    lie  an.l  craw 

i  V      he         f"   ""^'"^      C    ""-■   »"""''"">■  "•■  "'^'  "-carriage 
,«  he   s  o,  s,„„„.er  d,arrh,,ea  an,l   the  ,re,,,.e„t  ,«urre„ce    ,r 

"f  M>,,h  infants  tr,>,i,  th,.  atte„ti„„s  „f  Hies  is  abselutely  essential 
nn-ler  such  c„nditi„„s.     X„r  is  it  i„„cl,  less  e,s.s..„tia      „!    , 
e -nnistances  in  the  s„i„,„er  when  infants  are  wheele..  ar„  ,  H 
he  r  carriages,  subject  t.  the  attenti„ns  of  Hies  whose  previ,, 

^  isitations  may  have  been  of  the  foulest  ,le,s,.ription 

Ihe  protecti.m  of  sick  persons,  the  exclusion  of  Hi,.s  fi-oii.  the 
ekro,™  or  the  hospital,  are  precautions  of  s i,„„  ,  „,Jt 

thU  ght  of  our  knowledge  of  the  dangei.  incurie,!  bv  the  presenc 

01  flies,  that  It  should  be  i.nneccssan-  to  do  more  "than    ndicate 

the  necessity  for  such  protective  measures 


Pbotkctidn  of  Food. 
In  the  home,  and  where  it  is  exposed  for  or  premmtorv  to 
sae,  ,,„,  which  is  liable  to  become  infected  bv  virt  e  ,^?   "  jng 
ractive  to  Hies  shoul.l  be  protected.     Certain   foods  such    a! 
n.k    cooked  meats,  etc,  furnish  excellent  media  for  the  trans- 
ttrcnce  -f  niicro-organisms.     Not  infrequently  one  is  fllled  with 
fruft' lib      uVfl  "'■  "'"'  ^••^"""'■■^  -^^  -■'-■  -'"feetionery  a  d 
have    , ready  di.scussed  in  a  former  chapter.     The  exposing  of  fo„l 
Z  h  h-    ;    ■  T  ^"  '^''"^' '"  '='™*<"''  """^  '"  t'-^'  «>>"?  should  be 
authomies  in  many  of  our  towns  and  cities  both  in  Europe  and 
enforcing  such  requirements  by  fining  the  olfenders. 


hI 
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The  Uestrictiox  dk  Adilt  Flies. 

Mhiiv  menns  have  bien  ilcvisid  whtTubv  the  ailult  Hiix  iimv 
1)(:  (lestroyi'd  and,  while  the  prevention  nf  their  breeding  coiistittitt's 
the  fundamental  principle  of  their  control,  the  destruction  of  the 
Hies  must  naturally  form  a  part  of  any  system  of  eradication. 

The  methods  of  destruction  may  be  divided  into  two  clas.ses; 
trapping;  anil  poisoning. 


There  are  on  the  market  and  in  use  a  great  variety  of  Hy-tra|)s 
the  majority  of  which  have  proveil  successful,  .Such  "forms  as  the 
glass  Hy-trups  baited  with  beer  and  the  bivlloon  wire  trap  baited 
with  any  attractive  bait  are  well-known.  The  sticky  Hy  p-ii^rs, 
ribbons  and  wires  need  no  description. 


Fid.  101. 


The  Minnesota  Fly  Trap.    Oeneral  view  and  cross  section. 
(.titer  photot^aph  by  Washburn.) 


Parrott  has  devised  a  trap  which  consists  of  a  shallow  tin  box 
having  sides  about  thi  ;e-i)uarters  of  an  inch  deep ;  it  is  made 
long  enough  to  fit  in  the  bottom  of  the  window  pane.  After 
these  shallow  boxes  have  been  fitted  they  are  filled  about  two- 
thirds  full  of  some  in.secticidal  substance  such  as  paraffin  or 
kerosene,  or  an  emulsion  of  the  .same,  or  a  sticky  mixture  of  equal 
parts  of  ciwtor  oil  and  resin  made  by  bfiiling  the  two  constituents 
together. 

^  The  "Minnesota  Fly  Trap"  which  has  been  devised  by 
Washburn  (1912)  has  proved  successful  in  the  trapping  of  flies 
in  large  numbers.     On  the  back  porch  of  a  dwelling,  not  far  from 
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.1  «tnbli.  where  a  few  homes  an.  kept,  (S700  Hi,..,  were  eanght  in 
two  days.  12,000  in  one  .lay  an.l  IH.OOO  in  one  and  a  half  days 
The  trap  is  illiistrate.l  in  Hr,  101,  and  the  following  is  a  descn'p- 
tion  (.f  its  constriKti.ai :  It  measures  twenty-four  inches  long 
twelve  mehes  high  and  eight  inches  wide.  The  screen  us»l  for 
the  large  receptacle  A  and  the  roof-sha|)ed  entnmces  C  is  ordinary 
wne  Hy  or  mos.|nito  screen.  The  upjx-r  portion  A  .serves  as  a 
receptacle  for  the  captiuvd  Hies;  it  rests  on  a  hoard  B  which 
carr.es  two  roof-shaped  entrances  C  open  at  the  top  to  ,K.rnnt  the 
entry  of  the  Hies  into  A.  The  middle  board  B  rests  on  a  base 
b.>ard  I)  from  which  it  is  se|),vrated  hy  me.ins  of  small  pieces  of 
w.Kxl  E  about  half  an  inch  in  thickness  fastene.1  at  the  corners  as 
shown.  Uimn  the  base  board  I)  rest  two  tin  bait-pms  I',  se|Hrated 
by  about  one-qmirter  of  an  inch  from  the  middle  board  B.  The 
trap  may  be  baited  with  any  attractive  substance  such  as  meat 
scraps,  raw  fish  .scraps,  bread  an.l  milk,  etc.  The  capture.l  Hi.s 
may  be  kille.l  by  inime.'sitig  the  traj.  in  h..t  water  or  by  l>..uring 
boiling  water  over  it. 

Hwlge  (1!)11)  has  taken  a.lvantage  of  the  attractive  power 
which  the  garbage  or  refuse  can  has  tor  Hies  and  has  ,levis,.d  a 
trap  which  can  be  attache.l  to  the  lid  of  the  garbage  can  ;  the  li.l 
IS  so  arrange.1  that  it  iloes  not  fit  tightly  on  to  the  can  but  a 
.piarter  of  an  inch  space  permits  the  flies  to  enter  and  on  leaving 
they  naturally  Hy  upwards  and  enter  the  trap  which  consists  of 
an  ordinary  ball.,on  wire  Hy-trap.  In  such  a  trap  baited  with 
attractive  food  such  as  fish  heads,  etc.,  he  has  caught  as  many  .w 
2.500  H.es  ill  fifty  minutes.  He  has  also  made  another  device 
consisting  of  overlapping  screens  of  wire-gauze  (see  Ho<lge,  19]:i) 
which  can  be  fitted  to  the  window  of  the  stable  or  c.iwshe.1  and 
catches  the  Hies  as  they  leave  the  same. 


I 


. 


Poisouinff. 

The  arsenical  fly-papers  or  pads  were  among  the  earliest  fly 
jKiisons. 

Formalin  or  formaldehyde  has  been  employed  in  recent  years 
with  marked  success  in  most  cases.  .Sometimes  complete  failure 
has  been  reported,  but  in  such  cases  I  have  often  found  that  it 


328 


I'HEVEXTIVE   AND  KEMEDIAL  MEASfRES 


wiis  not  correctly  used.  R.  J.  Smith  (litll)  h.w  (Ifiiioiistrated, 
and  it  ha.s  been  Hubuwjiiently  confinned,  that  it'  sweut  milk  i» 
lidded  to  the  formalin  it  ])roves  very  attractive  to  Hies  and  the 
mixture  makes  an  excellent  and  fatal  l>ait.  The  solution  is  made 
as  follows:  one  ounce  or  two  tablespoonfuls  of  forty  per  cent, 
formalin  is  mixed  with  sixteen  ounces,  that  is,  oni'  pint  of  equal 
parts  of  milk  and  water.  If  this  mixture  is  expo.sed  in  shallow 
I>lates  in  the  middle  of  each  of  which  a  piece  of  bread  is  placed 
for  the  flies  to  alight  upni,  the  flies  will  be  attracted  to  the 
solution  and  poisoned.  The  formalin  has  also  the  advantage  of 
being  a  disinfectant.  Houston  (l!)i;i)  has  nsi-il  th.'  tollowing 
methcsl  of  application  in  the  .jail  kitchen  at  Rajkot,  India,  with 
great  succes.s.  Instead  of  exposing  the  mixture  in  shallow  plates 
it  is  sprinkled  about  the  room  in  tiny  pwls  of  one  ijuarter  to  one 
inch  in  diameter  from  which  pools  the  flies  readily  drink  it.  The 
substitution  of  buttermilk  for  the  ordinary  milk  has  also  been 
suggested. 

Berlese  (WV.i)  has  for  two  years  carried  out  observations  and 
experiments  on  the  control  of  flies  at  S.  Vincenzo  (Pisa)  by  means 
of  poisoned  baits,  deriving  the  idea  from  his  work  on  the  control 
of  the  olive  fruit-fly  by  means  of  sweetened  arsenical  solutions. 
He  rightly  emphasizes  the  imiwrtance  of  destroying  the  flies 
outside  the  houses  and  near  the  breeding  places  where  thev  con- 
gregate. He  sprayed  plants  in  the  gardens  and  orchard.s  near 
dwellings,  and  also  heaps  of  manure  and  other  likely  breeding 
places  with  the  following  mixture  ;  10  parts  of  treacle,  2  parts  of 
arsenite  of  jwtash  or  soda  and  100  parts  of  water.  The  operation 
was  performed  every  ten  days  and  repeated  after  rai"  and  the 
manure  heaps  were  sprayed  when  a  fresh  surface  was  cxjiosed. 
In  1912  he  experimented  with  small  bunches  of  straw  suspended 
for  protection  from  the  weather  under  conical  zinc  covers.  The 
straw  was  dipped  in  the  following  mixture:  honey,  1  part: 
treacle,  1  part;  sodium  arsenite,  i  ].i'ft;  water,  10  parts.  These 
baits  were  hung  round  the  houses  in  such  places  as  the  porches 
and  verandas.  Berlese  states  that  by  the  use  of  these  methods 
he  succeeded  in  totally  destroying  the  flies  in  each  of  the  two 
years  during  the  period  of  his  residence  in  the  village.  By  the 
perfection  of  this  method,  which  enabled  him  to  enjoy  a  flyless 
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miMl,  he  believVH  that  it  would  pn»,.  f.  be  a  thor.,u>;hl^■  |,i„rii,-al 
ni.thol  of  Healing  with  th.>  Hv  nuisiimv  in  larj-tT  placs' 

The  hiiming  of  pure  and  fresh  pyrethruiu  |)„wder  and  al*,  the 
dropping  of  twenty  to  thirty  drops  of  carlx.iic  aci.l  on  a  hot  iron 

plate  or  .shovel    have    been    lee len.led   as  niiaiis  ol    ridding 

rooms  of  flies.  As  the  fumes  do  not  always  kill  all  the  flies  but 
only  stuiiefy  a  certain  proportion,  it  is  ini|»,rtanl  that  the  Hies 
should  be  swept  up  and  burnt  before  thev  have  an  op,«,rtunitv  to 
recover'. 

A.  W.  Mor  ,1    „(  M„«„,x,  Anzonu.  M.,v^  ,]„.  A,„e..  A...  „t  K™,m„,i,.  K„,„. 

result,  of  u.,.,  „t  v,r,nu,  ch.,„lc„l  ,„„!  fruit  Wit,.  He  f„un.l  tl„u  the  utlmctive- 
n™  of  fortnalm  v„r,e,l  fr„,„  ,l,,v  to  ,1,„-.  tl.at  (on.mlin  „itl,  vl„eK„r,  „„,1  vine^r 
.lone,  were  excellent  b»,t.,  ,.„,!  ,|,»t  poUi^iun,  Wchronrnte.  wl.iel,  in  sorueti,," 
r«=o,„me,„k,l,  l,„s  httle  value  „,  „„  in^ectieWe.  The  ,li,«.u,»i„„  „„  tin,  pi 
el,c,te,l  v„r,„„.  experieuoes  ,.,„„„„  .Inch  „ere :   that  the  fonnalin  l„it  i,  i,Z 

lormalin  •iometiiiies  gives  good  results. 


!   i 


CHAPTEU  XXVII 


<lltciANISKI)    KKFilIlT    IX   (.OXTIIOI,   MKASIKKS 

Wiiir.K  imliviiliial  .rtnrt  and  i'.\aiii|ilc  will  matfiially  alleviat.' 
thi'  riy  nuisancf  aiirj  miiiiiiiizc  the  i|an>;i'r,  thf  piulili.ni  can  (ailv 
hr  attacked  liy  ciii-jMiiati-  and  (;nnnlinatcd  actinii.  In  the  picviniis 
chapter  I  have  endeavniiiTd  tii  shmv  that  the  ppjlilem  of  Hv 
cimtrol  is  fiinilanientally  "ne  i>f  j;ii.id  snnitntidn.  Where  citieH  or 
ti.wns  have  adopted  the  necessary  standards  of  sanitatieii  which 

the  health  ef  the  c uMinity  demands,  the   tly  pr..lileni    hardly 

exists.  In  siip|Hirt  of  this  fact  I  will  ipmte  oni'  of  innny  examples 
which  mi),'ht  be  K'ven.  namely,  the  rep.irt  of  (i.  \.  Iti't.  I'nited 
Slates  Consul  at  Xiiremburg,  Oerinaiiy.  He  states' :  -  There  are 
so  few  Hies  in  Have.ria  that  they  can  in  no  way  be  rej,'arded  as  a 
pest.  This  is  perhaps  due  to  thi>  extreme  cleanliness  of  Bavarian 
cities.  Conrtyanis,  alleys,  vacant  lots,  Sic:,  are  kept  clean  and  the 
hallways  and  entrances  to  houses  are  as  fresh  as  soap  and  water 
can  make  them.  There  are  no  cpiarters  that  coulil  be  justlv 
designated  as  slums,  not  even  in  districts  where  buildings  himdreds 
of  years  old  are  the  ride,  (iarbage  is  collected  in  cl.wed  tin  or 
zinc  cans  and  regularly  removed  in  closed  waggons  in  such  ;i 
manner  as  to  be  inotfensive  to  either  sight  or  smell."  Of  how 
many  cities  in  other  parts  of  the  world  could  the  sume  be'  said  ' 
Nevertheless,  the  last  few  years  have  witnessed  an  honest  etfort 
in  the  right  direction  on  the  part  of  local  authorities,  in  spite  o 
opposition  from  those  who  are  interested  in  maintaining  stables  iu 
thickly  populated  sections  of  cities  and  towns.  It  is  a  singulai 
fact  that  prominent  among  such  opponents  to  reforms  relating  ti. 

1  I'liity  Cimitiilaraiiil  Triule  lifporu.  Ilnr.  of  Miimiftiftiiren,  f.S.  hi  pi.  Owiiittr.. 
,111,1  l.,ilMiit,  llmliiiiiiUiii.    I2ili  March,  iDla,     i.'jib  year.  No.  6(),  p.  1031. 
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HOW    TO    DEAL    WITH    THE 

FLY    NUISANCg 

OERMS  Op'cSifTAIN  mSP^  tV!f°*T  »5"!9"*  CARWiM  OP  THE 
diirrlKM.  «c  DISEASES  ndi  u  lypKoid  (ever.  lubeituloM,  inluilile 

They  infect  themselves  in  Allh  and  decaying  subtunces  and  by  CArrvmn  tk» 

&x"".;i5'i;h'erdii7i.,^„lro.'&r''""  ^"^^  •^""' "^'' -^^^^^^ 

NO   FLY   (S   FREE   FROM   OERM& 
THE  EEW  WETEOD  11  W  P««II».T  THEIR  MtMIH. 

SV«n^^^Jl'S'':''  r^oved  withm  the  same  lime  and  e.ther  .p  elj  on  fhe 
KVTromThoJUor'dwellJ."'-'  '"'  "-"«"«"■"  •  n„le,  the'ruSh?"  !K 
...k™"",'"!.'"'"' '"  ""^  decayine  and  (ermenlini  matter  as  kitchen  refuse  and 
ll">>'f'  .Si'JVK  K?e."Pjes  shpullfbe  lieDl  tightly  covered  '""  ""' 


ALL  SUCH 


breed  in  such  decayine  and  fermentini  matter  as  kitchen  re 
'ElSSSeVjjMM'k'^  l"P'  tiKhlly  covered 


II II  canno,  be  disposed  ol  at  once  it  should  be  sprinkled  w,:h  chloride  of  hm? 
FUE8  II  MBMl 

case^ofmfeS.T.ease'.''""''  '°  "'"  ""''  'o  .he  sick  ™om.  especially  ,n  ,he 
1  he  faces  of  babies  should  be  carefully  screened  with  muslin. 


TO  Kin  FLIES  IR  MOU«»t. 


HOUSE  FLIES  INDICATE  THE  PRESENCE  OF  FILTH  IN  THE 
NEIGHBOURHOOD  OR  INSANITARY  CONDITIONa 

tolh^""'"'""'"  """'"■  ""'""'  ""  "'l^'  •"  '"^'  ""y  be  had  on  application 
OOMINIM  (NTOMOLOailT,  OlNTCAL  IXrUIMINTAL  PaUM,  Ott.w*. 

DiHiTitiNT  or  AameuiTUM.  Oanao*. 

■■— — 'JlSll'i'""""'"""'"'  ""   '^'"  "«">U..Mi»itl.,.IAirk»l.„„, 

Flo.  102.     R<.pro<luclion  uf  ™ril  prepared  by  the  author  iinil  wi.lelv  distributed  by 
the  CuniKllan  Dejiartmf  nt  nf  Agriculture.     (Arfual  size  12  in.  <  ^J  in.) 


I    I 


{    =i 


332 


(iKOANIsrn   El't'ORT   IN   I'llNTKlll.  MEAMl.'REH 


the  contnil  of  the  Hy  |K.'st  Hhonlfl  1k'  thi'  vi'IhIi.it*  oi*  hr'jiwi,  milk 
anri  other  artit.-lfM  of  food.  Vet  ^\ich  huM  Iteun  the  cuw  in  iiiy 
ex|Krii'in'i'.  Thrir  voici-s,  howt'viT,  nn-  lufoming  losn  [lowiTful  in 
thi'  council  <humlMrs  whi-ri'  the  xtiKriiii  of  iiiiuinitiiry  conilitioiix 
hHH  .HO  lorix  hft'ti  <)iNn>)(tinlc(l,  anil  tht*  incrcHHing  nunilMT  of  con- 
victiimN  for  muintJiining  niiixnnciK  uiiil  I'xiKwing  milk  mid  fooil 
mippliis  to  the  attentions  of  tlie»  and  the  dust  of  the  street  are 
evidences  of  an  awakening  of  the  pnblic  conscience  to  its  duty. 

While  iTidividiials  or  small  tmnibers  i»f  jM.'ople  acting  in  co- 
o|KTatiori  are  seriously  hnndii  )*)M>d  if  they  cannot  l(H)k  to  the 
local  health  authorities  for  imt  lance,  the  converse  is  eijually  true, 
for  without  the  .sympathy  and  the  sup|K>rt  r>i  the  ])eople  whoni 
they  .serve  the  health  authorities  cannot  succeed  in  their  en- 
deavours to  ameliorate  the  sfunitary  conilitions  of  the  [H'ople. 
The  zealous  efforts  of  Ixith  individuals  and  of  those  in  authority 
are  essential  to  success. 

It  cannot  be  denieil,  however,  in  the  light  of  what  we  now 
know  in  reganl  to  the  habits  of  the  house-Hy  and  the  effect  of  its 
presence  in  numbers  on  the  health  of  the  community,  that  health 
authorities  should  not  oidy  enact  the  necessary  bye-laws  that  will 
enable  them  to  deal  satisfa-'torily  with  the  breeding  places  of  the 
house-fly  such  as  stable  refuse,  insjtnitaiy  privies,  collections  of 
organic  refuse  and  the  protection  of  food  supplies,  but  that  the\ 
should  enforce  the  sivme.  There  are  signs  that  the  time  is  slowlv 
approaching  when  one's  senses  will  cease  to  be  so  distracted  with 
the  reiterated  statement  that  the  nation's  greatest  asset  is  the 
health  of  the  people  ringing  in  one's  ears  while  filthy  Hy  breeding 
spots  meet  one's  gaze  and  foul  odours  greet  one's  sense  of  smell. 
The  conscientious  health  officer  is  becoming  more  powerful  than 
the  vote-seeking  "  representative  of  the  people." 

Educational  work  is  the  most  potent  factor  in  dealing  with 
this  question.  This  should  begin  in  the  schools.  It  is  unnecessarv 
to  change  the  currici-lum  but  it  is  necessiiry  that  the  teacheix 
should  kntjw  the  facts  and  know  them  correctly.  The  lessons  can 
be  given  as  nature  study  or  hygiene  or  both,  and  e.xi)erience  ha- 
shown  that  children  not  only  quickly  appreciate  the  significance 
of  the  tly  but  are  singularly  active  in  making  practical  use  ol 
their  knowlwige.     Such  an  organisation  as  the  Boy  Scouts  can  be 


Ml'SKlM    MilDKf.  OK   KI.V 
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IMiotOKraph  of  eiilarKt^l  iiioilel  of  the  Hoii-w-tly,   Muxi'ti  ilimr-ntiit 
American  Museum  of  Natural  History,  New  York. 

(Keproduoetl  by  kind  penni«iiion  ot  the  MiiKeum  authorities.) 
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ORGANISED   EFFORT   iX   CONTROL   MEASURES 


made  a  powerful  adjunct  ti>  an  anti-Hy  campaign,  as  I  havr  found 
in  Canada  and  as  others  have  foun<l  elsewhere.     They  can  assist 


the  sanitiiiT  authorities  in  locating  the  l>rc.iling  grounds  and  in 
their  own  districts  they  can  abolisli  the  same. 

Not  less  imjiortant  is  the  work  that  can  be  accomplished  in 
womens  .irganisations.    The  women  of  the  ciuarniinitv  .suBer  most 
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from  the  Hy  pest.  It  i»  women  who  have  to  wajje  a  constant  war 
to^  pintect  the  h.<d  in  the  home  and  the  infants  in  the  cradles 
Women's  organisations  can  do  much  to  secure  the  adopti..n  .,f 
anti-Hy  and  sanitary  measures  and  in  many  places  they  are 
succeednig  in  making  the  conmiunity  more  healthv.  The.  l),>v- 
cotting  of  shopkeepers  who  do  not  protect  the  food  they  sell  or  of 
mdk  ven(l,)rs  whose  premises  are  breeding  grounds  fu"r  Hies  is  a 
cogent  method  of  securing  reform. 

Citize.is'  organisations  should  begin  campaigns  for  dean  cities 
Such  organisations  are  able  t..  render  invaluable  service  to  the 
health  officers  by  coo,K.rating  with  them  in  the  locating  and  sup- 
pression ot  the  b.ee.ling  grounds.  By  lectures,  by  the  distribution 
of  circulars  such  as  the  one  illustrated  herewith  (fig  !()•>)  which 
I  prepared  lour  years  ago,  a.i,l  of  other  liteiatur,.,  much  good 
can  be  done.  The  press  ha.s  shown  its  willingness  to  assist,  an.l 
the  aid  of  local  iiewspaiK'i-s  should  be  enlisted.  An  excellent  and 
educatue  ciiiem.itograph  film  illustrating  the  life-history  of  the 
house-Hy  and  its  methcMl  of  spreading  dise.we  has  been  prepared 
and  in  my  own  e.xperience  has  accomplished  splendi<l  work. 

The  statement  cannot  be  too  often  repeated  that  Hies  anil  filth 
are  synonymous  terms.  In  a  clean  and  sanitary  community  Hies 
will  be  unable  to  e.'iist  in  dangerous  numbers  and  their  absence 
may  be  taken  as  a  measun-  of  cleanliness.  Th,-  time  is  coming 
when  men  will  reali.se  that  it  is  easier  to  prevent  .lis,.a,se  than  to 
cure  It  and  less  costly  in  terms  of  human  lives. 
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liabits  and  life-history,  214 
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bacteriological  evidence,  266 
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BacilhiM  amylohttcter,  289 

atttfiriicig,  22H,  266,  2!(9;  «ff  Antlirax 
coll,  240,  245,  249,  289,  290.  29H 
diphtherial-,  279,  299 
dytenteriae,  228.  284 
e'nteritidis,  222,  22N,  299 
Im-tis  uridi,  290,  298 
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Mor«an'H,  22M,  29^ 

piiyiityphoKun  A.  225,  226,  215 

prudinionun,  222,  223,  224,  228,  285, 
291,  293,  299 

piloryiiiietig,  223.  224,  227,  290,  29H 

>iul,titiK,  'Ml,  290 

tuht-rculonig,  270;  nee  Tiiberculonis 

titmeM-eHg,  289.  290 

li/phiixiu,   224,   220,    227.  22«.   229, 

240,  244,  299;  xee  Typhoid  fever 

Bacteria,  methods  of  spnudi  by  flien,  221 

duration  on  dies,  299 
Bavaria,  tlies  in,  330 
lieluKrariii  myntax,  310 
BiowHies,  202;  ^ic  Culliphoni  app. 
Hodn  miigcae-domeHtieiie,   173 
Borax,  as  insecticide,  322 
Breeding  habits,  87 

place,  location  of,  95 
treatment  of,  318 

seison,  95 

Caeca,  mesanteric,  of  larva,  13« 
Calliph'ia  entthrorephala,   12,  93,   190, 
228,  245,  266.  269 
comparative  abundance,  66,  67 
life-history,  202,  203.  204,  205 
myiasis,  relation  to,  302,  304 
vomitoria,  115,  162.  202,   245,  266. 
273,  282 
Carabidat;,  170 
Centipede!),  15H 
Cephalic  ^'ant;lion,  29 
CephalopharynKeal  skeleton : 
first  in»tar,  102 
second  instar,  103 
mature  larva,  116,  134 
CophiilopharynKeal  nmsi-1.  s,   122 
t'lrciiiiii'itii*  iiiimcae-dniuextic'ie,  173 
Cernipit/ii'cus  callilriehus,   190 
Cerebral  lobes,  of  larva,  12m,  129 
Chalcidoid  parasites.  167 
Cheese  Ma^ot  Fly;  sec  Piophila 
Chelifers;  nfv  Ihe'rm-g 
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Cheriien  tuHtdnun,  161 
Ghironomut,  116 
Chloride  of  lime ;  »ee  Lime 
Cholera,  272 

bacteriuloRical  pvideucc,  L*73 
V.  rholerae,  299 
Chyle  Htomach  of  tly,  «•.-  Vyntriculu-t 

of  larva;  »ee  Mfnenteron 
Circular,  381 

<'!(ifto)tpt)rinm  herhnrnm,  "iHH,   2H9 
Clavidf,  HI 

Cluster  Fly ;  ge<   l'<dlrniii 
ClypeuH,  10,  11 
Colour  preference.  WA 
CoiDioa  bacillus,  2TA 
Conjunrtivitis;  Kee  Ophthalmia 
Copulation.  9H 
Costa,  21,  22 
Coxa,  26 
Vrithiiliit  ffenidin,  179 

mimaie-dontfgticfie,  17h,  17!, 
Crop,  36 

function  of.  77 
Cynipidae,  169 

Danyez  virus,  294 
Dentate  nclerite,  l.*J4 
Dermestid,  170 

Description  nf  M.  ,fnin,'^ticti,  ',,  6,  7 
Desiccation.     uHui-nce  on  larva.  111 
Destruction  ui  larvae;  gee  Prevention  of 
Breeding; 

of  adult  flies.  826 
Development,  duration  of,  108 

factor-  noverninK,  110 
Diarrhoea,  summer  or  infantile,  252 

criticism  of  hypothesis,  259 

capsal  orj^anisms  of,  261 

experimpnt  on  suppresHion,  264 
DihotkriovrphtUts   hilim,  309,  316 
DiKeation  of  food,  rate  of,  78,  81 
DinychelUi  axpi-rata,  157 
Diphtheria,  279 

DlpyluUum  caninum,  3    >,  312,  314,  316 
Discal  Bcierites,  17 
Disease,  disfemination  of  orRanisins  of. 

2i8 
Distribution,  7,   i 

loral,  65 
Dyaentery,  284 

Earwijfs,  171 

Educational  work,  322 

EgKB,  influence  of  light  on,  101 

number,  IfH) 

structure,  101 
Ejaculatory  duct  of  male,  52,  57 

sac  of  male,  53 

apodeme,  53 
EmcFf^eDUe  fiom  pupa,  108 
Empiim  americana,  162 


Emputa  mmeae,  160 

development,  162 

practical  value,  165 
tphaero-npi'rmu,  161 
Entamoeba  cvli,  300 
Knterie  fever;  dec  Tvph'.:d 
KnUnmiphthoni  culliphoni,   IHI.  165 
Kpicraniiim,  10 
Epischiia  ain,ll„,  1M9 
Ehstalix  trJiax,  273.  3(12 
Eurutiiim,  29tt,  295 
External  structure  of  ftv,  it 
Eyes,  10,  32 
Eye,  myiasis  of  human,  81)7 

infection  of  human ;  «.-■  Oplithalraia 

Facialia,  li» 

Fftcio-peristomial  scleriles,   10 

Faecal  spots,  82,  222 

Faeces,  infection    from   Itn-vae   bred   in 

human,  224.  225.  226,  227 
Eiiuniit,  177 

ciiiiiculiiri>i,   II,    48,    157,    177,    lM6, 
195,  196,   210,   218,  245,  266 
breedinR  habits,   1^9 
comparative  abundance,  65,  66, 

67,  1H7 
larva,  190 

myiams,    relution    to.    801,    302, 
303,  314 
scalnritt,  186,  213 
habits  of,  193 
larva.  195 

myiasis,  relation  hu  Hiil,  .H02,  303 
Fat-body  of  fly,  47 

larva,  145 
Feedinp  habits,  74,  311 
Femur,  26 

Fermentation,  effects  of,  m7,   112 
Finiteg,  169,  170 

oHthiiinyiiirum,   170 
"Citti'llarimi,  170 
ittrioUttm.   170 
Filaria  hancro/li,  185 

miiKcne ;  see  Hahronemn 
utiimoxeoH,  181 
Flagellum,  11 

Flight  of  flies,  range  of,  67 
Food,  influence  on  larvae,  HI 
Formaltlehyde  a.-^  poison,  327,  328,  329 
Friinihoeniu   tropica^   280 
Frons,  10 
Frontalia,  11 
Frontal  stripe,  10,  11 
Frouti>-orbital  bristles,  11 
Fulcrum,  17 

detractor  muscles  of,  59 
Fungal  spores,  flies  carrying,  288,  289, 

290.  295 
Furca,  14 
Fusarium  roieum,  289,  290 
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Oamaflid  miteH,  MH,  157,  210 
Ganglion  of  larva,  127 
Garbage,  t<|)ecie»  of  flien  bree-lins  in, 
Genae,  10 

Generations,  nuDil*r  of,  113 
Gerria  fmMium,  179 
Oloiitiina,  A,  34 
Gotmiiophyses  of  male,  53 
Gonococci,  27<i,  '27H 
Gonorrhoeal  diwease,  277 
GiiJo-nieiital  plate,  10 
Gustatory  papillae,  17,  62 
briHtles,  til 

Hahnmvnia  mkrottomti,  180 
mitMcae,   iHl 

life-lii»tory,  184 
occurreiK-e,  183 
Uufmatohia  temita,  IfiH 

ttimuloiif,  2ti6 
Haltercs,  25 
HatchinB  of  larva,  101 
Hflustellum,  12,  1-1 

muscles  of,  ftH,  (JO 
Head  capHnle,  Si 

internal  structure  of,  58 
Heart  of  fly,  47 
of  larva',  143 
Herpetomontig  jacii/um,  174 
hj{iaei,   174 

muieae-doinvsHcae,  173 
Hibernation  of  flies,  h4 

pupae,  107 
Histot^eneniH,  100 
Homntiimifut ;  nee  Fanuia 
Humeri,  20 
Uymemlepig  dimiinitn.  310,    313    315 

310 
Hypoderma  hovig,  307 
Hypopbarynx,  14 
Hypostomal  scliTite,   135 

ImHuinal  discs,  145 

cepbalic,   147 

thoracic,  148 
Infantile  paralysis;  srf  Pol iomyt^ litis 
Infected  larvae,  infection  from.  224  225 

226,  227,  228 
Infection,  natural,  of  tiies,  288,  -JUH 
Insecticides  for  larvae.  31'.).  320 

adult  flies,  327 
Interclavicle,  18 
Intestinal    worms,   spread   of.    bv  flies 

308 
Intestine  of  fly,  38 

larva.  139 
Iron  sulphate,  as  insecticide,  322 

Jowl,  10 
Jugulares,  19 
Jugum,  9 


Kainit,  atf  inj-cticide,  322 
Kala-Hzar.  17h,  2h7 
93       Keiosenf.  as  insecticiilp.  319.  321 
Kocli-Weeks  bacillus,  276 

I  ^.bial  nerves,  SI 
Labium,  14 
Labium-hypoplmrxiix.  11,   15 

muscles  of,  (iO 
Labruui-epipharynx.  14 

muscles  of,  60,  01 
l.amblia  duodrnafh,  300 
Laphria  canin,  171 
Larva,  102 

first  stage,  102 
second  stage,   lIKt 
mature,  103 

external  features,   114 
muscular  systein.  120 
nervous  system.  127 
Latrine  fly;  seeAVi/iniu  sculari* 
Legs,   20 

I.eiMhminiia  trupicn,  2H(J 
Leprosy.  282 
l.fptomomig  mugc'if-domistini,',  1"7,  179, 

180 
Light,  influence  on  flies,  83 

larvae,   105 
Lime,  as  Jnsecticiile,  319.  321 

chloride  of,  319,  320.  321,  Hl'2 
Locomotion  of  larvae,  127 
Locomotory  pads  of  larva,   11h 
Longevity,  86 
tm-Uin,  93,  302,  304 

cavmr,  162,  204,  206,  282 
uobilu.  205 
,       Lunule,  11 

I.yperoKia  irntann,  200 

Macrochelen  miuciu-,  157 

M'lmmporiuin,   289 

Malpighian  tubes  of  fly,  40 
larva,   138.  139 

Mandibular  sclehte,  134 

Mantig,  171 

Manure,  disposal  of.  3lM,  319 
loss  in  storage,  823 

Marking  flies,  68,  69,  71 

Maxillae,  12 

Mefaiioittonium  i/valaie,   101 

MeiuphiinuH  ofinuM,  127 

Menenteron  of  larva,  138 

Mesosternum,  22 

Mesothorax.  20 

Metafurca,  22 

Metastenmm,  22 

Mctathorax,  22 

Minuroccun  pyotinntu  aureus.  289.  290 

iireui;   289,   290 
Migratory  habit  of  larvae,  10",  308 
Milk,  infection  of,  by  flies,  242,  293,  297 
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Mimiezin  tepantit,  310 
Moth  rtien;  iff  Pt-yehmla 
Mouth  of  fly;  iee'Or&i  aperture 
lana,  183 

Miwa  ilomenticii,  nub,  sp.  determiiuita, 
•211 

ftlteiiitilti,   212 

uehiila,  2H7 

vetuitiimhiin,   212,  31;-) 
Mmridh nnt.r,  l*i7 

MiiMcimt  Ktiibulann,   1S7,   138,  190,  207 
lirtttroyiiiK  .1/.  il'meHticii,  171     172 
hftbits  and  life-hiaory,  208 
niyiasJB,  rehition  to,  H05 

Muscular  Hystem  of  flv,  2H 
larvfl,  120 

Museum  models.  'A'iS,  334 

Myiasis,  301 

mode  of  infection,  306 

Mtjnnica  levimidig,  64 

Nagoiiia,  167 

hreruonm,  167,  168 
Nenttor  ■imericanua.  309,  310,  316 
Nematode  pnrasite,  181 
Nervous  svstem  of  fly,  29 
visceral.  37 
larva,  127 
viHceral,  131 
Neuroblast ;  ti-e  GanRlion 
Nuisances  aud  flies,  241,  242 
Numbers  in  breediog  places;  fff  Abur- 

dance 
Nymph,  105 

Occipital  foramen,  9 

rinK,  9,  10 
Ocellar  nerve.  31 

triangle,   10 
OceUi,   10 
OesophaKUB  of  flv,  3(i 

larva,  136 
Olfactory  pits,   U 
Ophthalmia,  275 

in  children,  275 
Oral  aperture  of  tiy,  17 

lobes  of  tly,  extenial  structure  of,  15 
internal  structure  of,  61 

larva,  116 
Organised  control  measures,  ^30 
Oriental  Sore,  285 
OHcintu  palUpen.  282 
Ottawa  (light  experiments,  71 
Ovaries,  48 
Oviducts,  48 
Ovipositiou.  'Mt 
Ovipositor.  '.0 
Oxyiirh  reniiicularig,  310,  316 
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Pachurrtpoideut  duhiut,  16H 
Paraffin  oil ;  ten  Keronene 
Parapteron,  21,  22 
Paraiitic  iasectii,  167 

protozoa,  173 
Peitieillium  Blaiinm,  288,  289.  290,  295 
I'eiiiii,  53,  55,  56 
Pericardium  of  fly,  48 

larva,  144 
Peridmmia  naucin,  20H 
I'ctroleum,  as  inBecticiile, 
Phnhicrocfrti,   13ti 
Pharyngeal  nerve,  31 
pump  of  ily,  77 
scli'rites,  135 
Pharynx  of  fly,  36 

dilator  muscles  of, 
larva,  126,  136 
tnuHcles  of,  124 
Phl/'hotomuM ,  216 
Pifliiieophnrun,   156 
Piophila  raxn,  216,  302, 
Plague,  27H 
Poisoned  baits,  828,  329 
Poisoning  flies,  327.  32m 
Poliomyelitis,  198,  293 
Poltenia  rudh,  20(i,  2U7 
PoBtsciitellum,  20 
Postwick  experiments  on  flight,  68 
Predaceons  inftectn,  170 
Preoviposition  period:   "c'  Sexual  ma- 
turity 
Prescutum,  20 
Prevention  of  breeding,  317 
Preventive  measures,  317 
Privy,  danger  of.  323 
Proboscis,  inflation  of,  63 
musculature  of,  58 
skeleton  of,  12 
Procerebrum,  31 
Prosternum,  18 
Protection  of  infants  and  sick,  H25 

food,  325 
Prothorax,  18 
Protociilliphora  uroettlandicn,  205,  206 

azureut  205 
Protozoa,  intestinal,  carried  by  tlies,  300 
Proven  trie  uluH  of  flv,  36 

larva,  137 
Pseudocephalon,  116 
PseudoBcorpionidea  :  aee  ( 'iifnien 
Pseudotracheae,   15,  16,  61 
interbitid  spaces  of,  16 
PgychotUi  spp.,   216 
alliimtteidattt,  216 
putictiitti,  145 
Ptilinum,  11,  108 
Pulvilli,  26 
Pujm,  105 
Pujwition,  10-5,  107 
depth  of,  108 
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Pyciutnoma  eMorofiyga,  'i-H? 
I'yrvthruin,  U'JU 

KabicH,  29:> 
KecUl  valve,  'A*< 

ulaiids,  :(tl,  41 
Kectuiii  uf  dv,  H9 

larva,  I4U 
Iteriiw;  hcapH  Hiitl  MieM,  241,  824 
KeKfntjrstidri  uf  lo^t  (lartrt,  Hti 
lif»(ur^itatinK  habit.  IH,  HU 
lU|)r(iduL'tivu  H^Hterii  ul'  female,  48 

tiiiiltf,  ii'i 
lle»piiatury  Hyslem  uf  tiv,  41 

larva,  140 
Rubber  Flies ;  nee  Anitulae 
Itoot  Majfk'ot  i'ly;  k,c  Anthumifia  radi- 

turn 
Kostruui,  12 

Sacchnromijcei',  2H8,  2H0 
Salivary  KJatids  ui  Uy,  lingual,  29 
labial,  »» 
larva,  139,  160 

ductH  of  larva,  135.  139 
SiiltiniM  Mceniciin,   1611 
Sarciiiu  lutt<i.  SBU,   290 

veiitriculi,  290 
Sarcni>haffa  tiiruariii,  216,  302,  304 
Hcapt;,  11 
Sratuphaiia,  177 
SveiiopuiuMt  217 
tichintogotiium  haematobiutr ^  3lU 

japonicum,  310 
.Vd(ir»,  165 

Sderontomam  fijuinum,  310,  316 
ScuWllum,  2u 
Scutigera  culettpli-rti,  158 

umiliiii,  I'iH 
Hcutuui,  20 

Seasonal  prevalence,  67 
Sensory  oryariB  of  larva,  132 
Sexes,  distinction,   II 

proportiun  of,  4-*,  9H 
Sexual  maturity,  112 
Sheep  maggot ;  tee  Lucilia  caenar 
SimilUunt,   lUi 
Small-pox,  279 

Sodium  arsenite,  as  insecticide,  323,  328 
Spalaittjiu,  167 

mugcidarum,   168,   169 
SolenopHin  geminata,  170 
Spennathecae,  49 
Spiders,  159 

Spiracles  of  &y,  abdominal,  27,  47 
tboraoij.  20,  21,  41,  46 

larva,  140 

pupa,  105 
Spirni-hai-ln  yertemiis,  281 
Stable  Fly;  tee  Stomoxya  calcitram 


Staphvlinidae,  170 
SfiphyhicH-i-uii,  290,  291,  29M 
Stiimo^yM  ailritniiu,  ft,  11,  34,  MO,  107, 
1«H,  l«9,  181,  245.  26ti.  2hi5.  294 

comparative  abundanuc,  65,  6li,  lQ^ 

life-luHtury  and  habittt,   199 

phiir.vriKetil  pump,  77 

rvlution  to  dibt-uM;,  2ul 
StritwhiyH,    lUi 
Strfptiifoeri,  201.  246,  29H 
SubiieHophttKeal  Kariirlia.  31 
Summer  (liuirliifca ;  ner  l>it(rrliuea 
Supraoenophawi-al  ^'an^lia,  29 
Surra,  2u4 
SyphiliH,  287 

Sympathetic  nervous  «y8tt-m  of  Hv,  37 
SyrphidH,  h.mpum  on,  161 

TaeHiu   maiginatn.  310,   312,  314.  316 

•'ernit,!,  310,  3l2,  314,  31.5,  316 

tulium,  301f.   316 
Tapewurnm,  rtien  (eedinn  on,  311 

eggs,  ingestion  of,  75,  308 
Tareus,  26 
TemiHfrature,  influence  on  fn«x,  101 

diex,  83.  260 

larvaf,  97,  110 
Testi'H,  52 
Theca,   14 
Therem,  302 
Thoracic  ganglion,  32 

nerves,  33 
Thorax,  18 
Tibia,  26 
Toxiltnirit  liiiibata,  310.  312,  313    315 

316 
Tracheal  sac  ■,  of  abdomen,  42 
head,  44 
thorax,  42 

system ;  nee  llespiratory  svMt«m 

trunks,  of  larva,  140,   142' 
Trap,  Minnesota  Flv,  326 
Ti-ipping  dies,  326."  327 
Trivhoctphalut,  309 
Tricfiiiloiim,  182 
Trifliinmtnut  tntestinalit,   300 
Triehttrit  trichiurit,  310,  313,  316 
Trochanter,  26 
Troinhidiiim  nuuciie,  1;'(6.  158 
piirutiticum,  154,  155,  156 
Trox  tuberosHt,  170 
Trypnuntonui  Itippkum,  294 
Tubt-rculusiH,  269 

experimental  evidence,  270 
Typhoid  "carriers,"  229,  230,  2;U 
Typhoid  fevf-r,  carriage  by  Hies,  2i:» 

in  cities  and  towns,  232,  239    240 
241,  242,  243,  244 

in    military  camps,    232,    233     234 
235,  237,  238 

in  military  stations,  238,  239 
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Typhoi.t   ftvtr  in  Hou  h  Afrioiin  War. 
386,  m 
ID  SpftDinb  AmericAii  Wmt,  "iSi,  334, 

•ias 
bHcterioloKir>Al  «vid«uL<i,  'Hi 
Tlfronljfphu-,   Wi 

UnKUeH,  36 

Vaeiiu,  4I( 

V»HoiilBr  HyNteiu  of  tlv,  47 

l«rva.   UH 
Vh»  (leferenH,  53 
VentriCHlu«  of  fly,  37 

Uns;  tee  MvBpntvrun 
Vertebrate  «nemieB,   173 


Vvrtcz,   10 

Vtiiculaa  Kmiualen;  tee  BpermathMa^ 

I><i/wi  up.,  171 

i'olucflla,  149 

Vomit  Hputi,  HU,  333 

Wmhim,   171 

Wild   rilfM,  infection  of ;  »ef  Inftfotiou 

(>r  flies 
WinRii,  23 
WiDter,  tliefi  lirtwdiiiK  in ;  »pi'  Brendiog 

iieaflDD 

Xi/liua,  im 
Yaws,   2?*0 
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